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From the Preface to the First Edition 


Setting intellectual boundaries that would serve to define ‘geology’ has never 
been simple. As long ago as 1830, in his Principles of Geology, Charles Lyell ex¬ 
pressed the view that geologists should be well versed in chemistry, natural phi¬ 
losophy, mineralogy, zoology, comparative anatomy, and botany. For at least a 
century and a half those who would study the structure and composition of the 
Earth have had to familiarize themselves with a wide range of scientific 
disciplines. 

Strictly speaking, the word ‘geology’ describes all studies of the Earth. Tradi¬ 
tionally, however, ‘geology’ has come to mean the study of rocks. 

T. C. Chamberlin used the name ‘Earth sciences’ to embrace astronomy, cos¬ 
mogony, and cosmology as well as the traditional disciplines, and Alfred 
Wegener (originally a meteorologist) also used it, but it was not until the 1960s 
that it began to gain a wider currency. Within ten years it was widely accepted, 
used sometimes in the singular, nowadays commonly in the plural. When, in 
the late summer of 1985, our friends at the Oxford University Press invited us to 
compile a dictionary of terms used in the topics directly related to studies of the 
Earth, it was clear that it should be a dictionary of‘Earth sciences’. 

We had to begin by defining the term for our own purpose. We examined the 
way it was used by other authors, assembled a kind of consensus, and deter¬ 
mined that our dictionary should include terms from climatology, meteorology, 
economic geology, engineering geology, geochemistry, geochronology, geomor¬ 
phology, geophysics, hydrology, mineralogy, oceanography, palaeoclimatology, 
palaeoecology, palaeogeography, palaeontology, pedology, petrology, the phi¬ 
losophy and history of the Earth sciences including brief biographical notes of 
important figures, planetary geology, sedimentology, stratigraphy, structural 
geology, tectonics, and volcanology. 

The task of a dictionary is descriptive, not prescriptive. It records words and 
expressions that are in current use and explains the meanings attached to them, 
but it does not impose those meanings or seek to dictate what a correct usage 
should be. As recorders, we express no opinions. 

We would emphasize that the book is meant to be used as a dictionary. In no 
sense is it intended to be a textbook in its own right. 


Preface to the Second Edition 


Work on the first edition of The Concise Oxford Dictionary of Earth Sciences was com¬ 
pleted in the summer of 1988, and the book was published in 1990. Many 
changes and advances have occurred during the years that have passed since the 
initial compilation and we are glad to have been given the opportunity to take 
account of them in a second edition. 

The revision has been extremely thorough. Every entry from the first edition 
has been scrutinized and many have been amended to bring them up to date. 




Preface to the Third Edition 


In preparing the new edition we have been assisted by Dr Robin Allaby. His 
contribution has greatly strengthened the revision and we are very grateful for 
his help. 

We also wish to thank Professor D. H. Tarling and Dr C. D. Gribble. They each 
scrutinized a long list of entries, revising them where necessary. 

Finally, we thank Nigel May, the science librarian at the library of the Univer¬ 
sity of Plymouth, for allowing us to make use of the library facilities. 

Ailsa Allaby 
Michael Allaby 


Preface to the Third Edition 


The second edition of Oxford’s Dictionary of Earth Sciences was published eight 
years ago, in 1999, and although the dictionary was reprinted with corrections 
in 2003, it was possible then to make only minor changes. This edition is entirely 
new. Every entry has been scrutinized and brought up to date where necessary. 
New entries have been added and the number of diagrams has increased. 

The new entries added in the second edition related predominantly to the ex¬ 
pansion of planetary exploration and satellite technology. Those entries have 
been updated. Many of the new entries in this edition serve to expand the dic¬ 
tionary’s coverage ofgeomorphological terms. 

It is in the nature of dictionaries to grow longer with each revision, and I make 
no apology for the fact that this one conforms to that rule. Such growth is un¬ 
avoidable, because the language itself is always growing, but when new terms 
are introduced it does not mean that older terms are discarded. Even terms that 
do become obsolete do so gradually, surviving for many years in established and 
much loved texts. 

The first edition was compiled with the help of many contributors and advis¬ 
ers, and a smaller number of contributors assisted in preparing the second edi¬ 
tion. The value of their hard work endures, and I gladly and fully acknowledge 
it, for without it there would have been no dictionary to revise. I have worked 
alone in preparing this third edition, however, so if any new errors have crept in 
they are mine alone. 

Michael Allaby 
Tighnabruaich, Argyll 
www.michaelallaby.com 
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absolute pollen frequency 


respect to a fixed frame of reference. Various 
frames of reference have been used, includ¬ 
ing those defined by *hot spots, no net torque 
of all the plates, and palaeomagnetic (see 
palaeomagnetism) Euler poles (see pole of 
rotation). 

absolute pollen frequency (APF) * Pollen 
data from sediments, expressed in terms of 
the absolute numbers for each ‘species, 
*genus, or ‘family, per unit volume of sedi¬ 
ment and, where deposition rates are known, 

approach gives clearer information than does 
the traditional way of expressing pollen data 
as ‘relative pollen frequencies (RPFs). APFs are 
particularly useful in site comparisons in 
which one or more high pollen producers 
vary. For example, when trees first appear in 
the regional pollen rain their prolific pollen 
may, in an RPF method, give the impression of 
declining herbaceous species, whereas exami¬ 
nation by an APF method will show constant 
values for herb species, 
absolute porosity See porosity. 
absolute temperature Temperature 
measured using the ‘Kelvin scale, 
absolute vorticity SeevoRTiciTY. 
absolute zero See kelvin scale. 
absorptance The ability of a material to ab¬ 
sorb * electromagnetic radiation of a specified 
wavelength. See also absorptance band. 
absorptance band The range of wave¬ 
lengths of‘electromagnetic radiation which 
are absorbed by a material. See also absorp- 

absorption The amount of seismic energy 
lost during transmission, by conversion to 
heat. The absorption coefficient is the frac¬ 
tional loss of energy over a distance of one 
‘wavelength; hence higher-*frequency sig¬ 
nals are attenuated more readily than those 
of lower frequencies over the same path. Typ¬ 
ical values for ‘rocks range from 0.25 to 
0.75 dB per wavelength, 
abstraction (extraction) The artificial re¬ 
moval of water from a well, ‘reservoir, or 


Abukama-type metamorphism The 

‘recrystallization of‘rocks under a high ‘ge¬ 
othermal gradient so that at any given tem¬ 
perature the pressure is relatively low. The 


term originally referred to a belt of ‘rneta- 
morphic rocks stretching south-westwards 
from the Abukama Plateau in Japan, and 
characterized by the development of *an- 
dalusite and ‘sillimanite in rocks that were 
originally ‘shales (‘pelites). This belt lies 
parallel to, and on the continental side of, 
a high-pressure metamorphic belt, 
abundance zone See acme zone. 

AB W See arctic bottom water. 
abyssal hills Relatively small topographic 
features of a dominantly flat, deep-ocean 
floor, commonly 50-250 m in height and a 
few kilometres in width. They are most typi¬ 
cal of the ‘Pacific Ocean floor at depths of 
3 000-6 000 m. 

abyssal plain Smooth, almost level area of 
the deep-ocean floor in which the gradient is 
likely to be as low as 1:10 000. The covering 
sediments are usually thin deposits of a 
‘pelagic ooze or ‘distal ‘turbidite. 
abyssal storm (benthic storm) A large 
pulse of energy, possibly transferred from the 
surface, that accelerates ‘contour currents 
on the ocean floor to about 40 cm/s, raising 
large amounts of fine sediment, 
abyssal zone Zone of greatest ocean depth, 
i.e. below a depth of 2 000 m. This zone lies 
seaward of, and deeper than, the ‘bathyal 
zone, and covers approximately 75% of the 
total ocean floor. It is the most extensive 
Earth environment, cold, dark, with slow- 
moving currents (less than a few centimetres 
per second), supporting ‘fauna that typically 
are black or grey, delicately structured, and 
not streamlined. 

Acadian orogeny A phase of mountain 
building affecting an area from the northern 
Appalachians in what is now New York State 
to the Bay of Fundy in maritime Canada (the 
name refers to the colony of Acadie in that re¬ 
gion of French Canada). It occurred in the 
‘Devonian about 390 Ma ago, although the 
precise date and duration are uncertain, and 
was most intense east of the Taconic area (see 
taconic orogeny). It was caused by the west¬ 
ward movement of the Avalon ‘terrane. See 
APPALACHIAN OROGENIC BELT. 

Acado-Baltic Province See Atlantic 


acanthodians See acanthodii. 



accretionary basin 


Acanthodii (acanthodians) Class of primi¬ 
tive, fossil fish, characterized by the presence 
of a true bony skeleton (see bone), a ‘heterocer- 
cal tail ‘fin, a persistent *notochord, *ganoid 
scales, and stout spines in front of the fins. The 
acanthodians lived from the ‘Silurian to the 
‘Permian Period and may be related to ances¬ 
tors of the more modern bony fish. 
Acanthograptidae See dendroidea. 
Acanthostega See ichthyostega. 
acceleration ‘Evolution that occurs by 
increasing the rate of ontogenetic (see on¬ 
togeny) development, so that further stages 
can be added before growth is completed. 
This form of‘heterochrony was proposed by 
E. H. Haeckel as one of the principal modes of 
evolution. 

acceleration, gravitational See gravita¬ 
tional ACCELERATION. 

accelerograph (earthquake seismometer) 

An instrument used to measure ‘earthquake 
movements that are too strong for more sen¬ 
sitive ‘seismometers to register accurately. 
An accelerograph contains three ‘accelerom¬ 
eter heads aligned to measure movement in 
three directions. The accelerograph is often 
connected directly to the Internet, 
accelerometer A device whose output is 
directly proportional to acceleration. Ac¬ 
celerometers are used in the measurement of 
the motion of a ship, helicopter, or aircraft 
during ‘gravity surveys. A ‘seismometer or 
moving-coil ‘geophone can also function as 
an accelerometer. 

accessory, lithic See lithic fragment. 
accessory cloud A small cloud that is 
seen to be associated with a much larger 
cloud belonging to one of the ten cloud gen¬ 
era (see cloud classification). ‘Pileus, ‘tuba, 
and ‘velum are accessory clouds, 
accessory mineral A ‘mineral ‘phase 
within a rock whose presence does not affect 
the root name of the rock. For instance, the 
root name ‘granite’ is defined by the presence 
of‘quartz, ‘alkali feldspar, and ‘mica. These 
are the ‘‘essential minerals’. The presence of 
the mineral ‘sphene does not affect the root 
name and hence would be an example of an 
accessory mineral. ‘Apatite and ‘zircon are 
also common accessory minerals, 
accessory plate (sensitive tint) In optical 
microscopy, a plate used to determine the 


optical properties of ‘minerals. ‘Quartz, 
‘mica, and ‘gypsum are the common miner¬ 
als used to determine the slow and fast ‘vibra¬ 
tion directions that relate to the two 
‘refractive indices of an ‘anisotropic mineral. 
The terms ‘length-fast’ and ‘length-slow’ may 
then be assigned to a given mineral for 
identification purposes. A wedge of quartz 
(quartz wedge) is used to determine the order 
of‘interference colour exhibited by a mineral, 
accidental lithic See lithic fragment. 
accommodation space The space in 
which sediment may accumulate, 
accommodation zone A region of inter- 
meshed ‘normal faults, with very complex 
geometry, that lies between the boundary 
faults of a series of interlinked half-grabens 
(see graben) in an area of crustal extension, 
accordion fold See chevron fold. 
accretion 1. Process by which an inorganic 
body grows in size by the addition of new 
particles to its exterior. It is the mechanism 
by which primitive planetary bodies are be¬ 
lieved to form as a result of the accumulation 
of minute, cold, homogeneous particles 
(homogeneous accretion). An alternative hy¬ 
pothesis is that iron-rich cores accumulated 
first and were later surrounded by silicate 
material (heterogeneous accretion). Homoge¬ 
neous accretion yields a planet that initially 
has the same composition from centre to sur¬ 
face; heterogeneous accretion yields a planet 
that has a layered structure from the start. 

2 . The accumulation of sediments from any 
cause, representing an excess of deposition 
over ‘erosion. 

3 . The addition of continental material to a 
pre-existing continent, usually at its edge. The 
use of ‘accretion’ in this sense has evolved 
from theories of ‘nucleation to newer theo¬ 
ries of the horizontal addition of ‘allochtho¬ 
nous ‘terranes of initially coherent bodies of 
continental ‘rock, usually more than 100 km 2 
in area, which can collide, rotate, and frag¬ 
ment as they become sutured to a continent, 
accretional heati ng The heating of bodies 
orbiting a star due to bombardment by 
smaller objects, the kinetic energy of the 
impacting body ( V2 mv 2 , where m is mass and v 
velocity) being released mainly as heat, 
accretionary basin A small basin, much 
smaller than a *fore-arc basin, that develops 
on the top of an ‘accretionary wedge and fills 
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achromatic line In the three-dimensional 
graph which plots quantities of the three 
* additive primary colours contributing to 
•pixels against each other, the line which 
runs at 45“ to the axes. Pixels which plot close 
to this line will not be strongly coloured and 
may be subject to * decorrelation stretching, 
acicular Pointed or needle-shaped, 
acid According to the Bronsted-Lowry the¬ 
ory, a substance that in solution liberates hy¬ 
drogen *ions or protons. The Lewis theory 
states that it is a substance that acts as an 
electron-pair acceptor. An acid reacts with a 
•base to give a salt and water (neutralization), 
and has a *pH ofless than 7.0. The theory was 
proposed in 1923 by the Danish physical 
chemist Johannes Nicolaus Bronsted and the 
British chemist Thomas Lowry, and indepen¬ 
dently by the American theoretical chemist 
Gilbert Newton Lewis. 

acidophile An *extremophile (domain 
•Archaea) that thrives in environments 
where the *pH is below 5.0. 
acid rain Precipitation with a *pH of less 
than about 5.0, which is the value produced 
when naturally occurring carbon dioxide, 
sulphate, and nitrogen oxides dissolve into 
cloud droplets. The effects of increased acid¬ 
ity on surface waters, soils, and vegetation are 
complex. 


acquired character 

that are acquired in th 
ism, according to early i 
such as ‘Lamarck. L 
gested that traits acqui 
in response to environ 
be inherited by the n 
over several generatior 
organism would becor 
adaptation) to its envii 
acquisition envisaged 1 
heritability are now ( 


Acrisols A reference 
classification scheme 
Acrisols are *acid soils 


acritarchs Hollow 
5-240 pm in diameter,: 
ellates and single-cellt 
periods. They range fi 





(1797-1875). 

















This equation is directly applicable to the 
lower ‘mantle and outer ‘core, but is invalid 
where the composition is variable, the pres¬ 
sure is not hydrostatic, or the increase in pres¬ 
sure is not adiabatic. 

adapical A directional term meaning to¬ 
wards the shell ‘apex. 

adaptation 1. Generally, the adjustments 
that occur in animals in respect of their envi¬ 
ronments. The adjustments may occur by *nat- 


Adelaidean A ‘stage (: 
the Upper ‘Proterozoic t 
tralia, underlain by the 
overlain by the Hawker (’ 
Adelaidean orogeny 
and ‘Ordovician phase ol 
affecting what is now so 
which ‘sedimentary roc 
System were raised by s 
overfolding, first in the si 
the northern margin of t] 
adhesion riDDles Sei’^ 





adiabat The rate at which a ‘parcel of air 
cools as it rises and warms as it descends, as 
indicated by two lines (dry adiabat and wet 
adiabat) on a ‘tephigram. 
adiabatic Applied to the changes in temper¬ 
ature, pressure, and volume in a ‘parcel of 
air or liquid that occur as a consequence of 
the vertical movement of the fluid, and with¬ 
out any exchange of energy with the sur¬ 
rounding fluid. See also dry adiabatic lapse 
rate; and saturated adiabatic lapse rate. 
adit Horizontal or nearly horizontal tunnel 
from the surface into a mine, for entry, 
drainage, or exploration, 
admission The substitution of a ‘trace ele¬ 
ment for a major element with a similar 
‘ionic radius but a higher ‘valency during 
the crystallization of a ‘magma, e.g. the sub¬ 
stitution of Li + for Mg 2+ in the ‘pyroxenes, 
‘amphiboles, and ‘micas, 
adobe A silty ‘clay, often calcareous, found 
in dry, desert-lake basins. This fine-grained 
‘sediment is usually deposited by desert 
floods which have eroded wind-blown ‘loess 
deposits. The term is of Spanish origin, 
adoral On the same side of the body as the 
mouth. 

Adrastea (Jupiter XV) A jovian satellite (a 
*moom) that orbits within the main ring of 
Jupiter; it and ‘Metis may be the source of the 
material comprising the ring. Both are consid¬ 
ered too small to suffer tidal disruption, but 
eventually their orbits will decay. Adrastea is 
one of the smallest satellites in the solar sys¬ 
tem. It was discovered in 1979 by David Jewitt. 
Its diameter is 20km (±20) (23 X 20 X 15km); 
mass 1.91 X 10 s kg; mean distance fromjupiter 
129000 km. 

adsorption The attachment of an ion, mol¬ 
ecule, or compound to the charged surface of 
a particle, usually of ‘clay or ‘humus, from 
where it may be subsequently replaced or 
exchanged. Ions carrying positive charges 
(e.g. those of calcium, magnesium, sodium, 
and potassium) become attached to, or ad¬ 
sorbed by, negatively charged surfaces (e.g. 
those of clay or humus), 
adsorption complex Various materials of 
the soil, mainly ‘clay and ‘humus and to a 
lesser degree other particles, capable of ad¬ 
sorbing ions and molecules, 
adularia See alkali eeldspar. 


advection The horizontal transfer of heat 
by means of a moving gas (usually air), 
adventive cone See parasitic cone. 

AE See actual evapotranspiration. 
aedif ichnia A category of‘trace fossils that 
comprises structures in full relief that were 
constructed by organisms from raw materi¬ 
als, e.g. mud nests of wasps, caddis fly cases, 
spiders’ larders consisting of concentrations 
of insects, insect remains, and spiders, 
aegirine ‘Pyroxene mineral, NaFe 3+ Si 2 0 6 ; 
sp. gr. 3.5; ‘hardness 6; ‘monoclinic; green¬ 
ish-black or brown; occurs as fairly short, 
‘prismatic crystals in ‘igneous and ‘rneta- 
morphic rocks. A variety intermediate in 
composition between aegirine and augite is 
called ‘aegirine-augite’. See also augite; and 
CLINOPYROXENE. 

Aegyptopithecus zeuxis A genus and 
species of early ‘catarrhine primates, known 
from abundant remains, including several 
nearly complete skulls, from the early 
‘Oligocene of the Jebel al-Qatrani Formation, 
Fayum, Egypt. The size of a small, living mon¬ 
key, it had a long tail and could jump from 
branch to branch. It possessed the dental and 
some of the cranial characteristics of living 
catarrhines, but lacked many of the other cra¬ 
nial and most of the postcranial diagnostic 
features, and so represents a time when ca¬ 
tarrhines had separated from other primates, 
but remained more primitive than living 
hominoids (‘Hominoidea) or Old World mon¬ 
keys and it could have been ancestral to living 
catarrhines. 

aeolian abrasion The erosion of a surface 
that is caused by bombardment with loose 
particles carried by the wind, 
aeolianite General term for the sedimen¬ 
tary products of wind (aeolian) deposition. 

aeolian processes (eolian processes) The 

erosion, transport, and deposition of ma¬ 
terial due to the action of the wind at or near 
the Earth’s surface. Aeolian processes are at 
their most effective when the vegetation 
cover is discontinuous or absent, 
aeolian ripple (eolian ripple) A ripple on 
the surface of a sedimentary rock that is 
caused by saltating grains. Aeolian ripples 
have a wavelength approximately equal to 
the ‘saltation path of the grains, and they 
usually have no internal ‘cross-lamination. 



Aeons Quadrangle A region of Mars 
formed in the Late ‘Noachian or Early ‘Hes¬ 
perian Epoch, containing both extensional 
and compressional land-forms and *valles, 
some of which may be outflow channels, but 
some ofwhich maybe tectonic rift features, 
aerial photograph A photograph taken 
from an aircraft. In hydrology, false-colour in¬ 
frared photographs are used to determine the 
wetness and temperature of soils and to de¬ 
tect ‘springs. 

aerial photography The taking of aerial 
photographs of rock exposures and of the 
ground surface for purposes of geologic inter¬ 
pretation. The photographs may be taken ver¬ 
tically, or at a high-oblique or low-oblique 
angle, and may be assembled like a mosaic to 
provide a picture of a large area. Stereoscopic 
cameras (two cameras within a single body) 
may be used to produce pairs of pictures that 
provide three-dimensional pictures when 
observed through a stereoscopic viewer. See 
PHOTOGEOLOGY. 

aerobic 1. Of an environment: one in which 
air (oxygen) is present. In the case of a deposi- 
tional environment, one with morethanlml 
of dissolved oxygen per litre of water. Compare 
anaerobic; and dysaerobic. 2 . Of an organ¬ 
ism: one requiring the presence of oxygen for 
growth, i.e. an aerobe. 3 . Of a process: one 
that occurs only in the presence of oxygen, 
aerodynamic roughness Uneven flow of 
air caused by irregularities in the surface 
(which may be of a solid, or of air of different 
density) over which the flow takes place, 
aerological diagram Diagram to demon¬ 
strate variations with height of the physical 
characteristics of the atmosphere, particularly 
its temperature, pressure, and ‘humidity. 


stant height above the ground. Usually the 
magnetometer is housed in a ‘bird’ towed be¬ 
hind the aircraft, or in a wing-tip pod, or in a 
‘stinger’ in the tail. In cases where the magne 
tometer is on board, in-board coil systems com¬ 
pensate for the aircraft’s own magnetic field. 
Aeronian A ‘stage (436-439 Ma ago) of the 
Lower ‘Silurian (‘Llandovery Period) under¬ 
lain by the ‘Rhuddanian and overlain by the 
‘Telychian. 

aerosol Colloidal substance, either natural 
or man-made, that is suspended in the air be¬ 
cause the small size (0.01-10 pm) of its parti¬ 
cles makes them fall slowly. Aerosols in the 
‘troposphere are usually removed by ‘pre¬ 
cipitation and their ‘residence time is mea¬ 
sured in days or weeks. Aerosols that are 
carried into the ‘stratosphere usually re¬ 
main there much longer. Tropospheric 
aerosols may act as ‘Aitlcen nuclei but the 
general effect of aerosols is to absorb, reflect, 
or scatter radiation. Stratospheric aerosols, 
mainly sulphate particles resulting from vol¬ 
canic ‘eruptions, may reduce ‘insolation 
significantly. About 30% of tropospheric dust 
particles are the result of human activities. 
See atmospheric structure; mie scattering; 

RAYLEIGH SCATTERING; and VOLCANIC DUST. 

Aetosauria Mainly ‘Triassic group of prim¬ 
itive thecodontian (‘tooth-in-socket’) reptiles 
(see thecodontia). They resembled heavily ar¬ 
moured crocodiles, and appear to have been 
specialized herbivores or possibly omnivores. 
They grew up to 3 m long, and their armour 
plating comprised rows of bony ‘plates. 

AFC See assimilation-fractional crystal¬ 
lization. 

AF demagnetization See alternating 

MAGNETIC FIELD DEMAGNETIZATION. 


aeromagnetic survey Survey of the 
Earth’s magnetic field, based on data from 
‘magnetometers towed behind aircraft or sus¬ 
pended below helicopters. These instruments 
measure the total intensify of the ‘geomag¬ 
netic field or, occasionally, components of this 
field. The resulting measurements can then be 
comDared with theoretical models for the 


AFM diagram A three-component, triangu¬ 
lar graph used to show how metamorphic 
‘mineral assemblages vary as a function of 
‘rock composition within one ‘metamorphic 
facies. Besides Si0 2 , the five most abundant ox¬ 
ides found in ‘metamorphic rocks are A1 2 0 3 , 
CaO, FeO, MgO, and K 2 0. The three compo¬ 
nents Dlotted on AFM diagrams are derived 


























AGU 


mechanisms may be involved, including ‘flu¬ 
vial, ‘aeolian, marine, and ‘slope processes, 
aggregate 1. In the building and construc¬ 
tion industry, a mixture of mineral sub¬ 
stances (bulk ‘minerals), e.g. sand, gravel, 
crushed ‘rock, stone, slag, and other materi¬ 
als (e.g. colliery spoil, pulverized fuel ash) 
which, when cemented, forms ‘concrete, 
mastic, mortar, plaster, etc. Uncemented, it 
can be used as road-making material, railway 
ballasts, filter beds, and in some manufactur¬ 
ing processes as flux. In road-making, aggre¬ 
gate mixed with ‘bitumen is called ‘coated 
stone’, and different physical characteristics 
are required for the different layers compris¬ 
ing the road ‘pavement. Fine aggregate is less 
than 6.35 mm in diameter, coarse aggregate 
greater than 6.35 mm. See aggregate tests; 
and PAVEMENT. 

2 . Group of soil particles adhering together 
in a cluster; the smallest structural unit, or 
ped, of soil. Aggregates join together to make 
up the major structural soil units. 

aggregate abrasion value See aggre- 

aggregate crushing value See aggre- 

aggregate impact value See aggregate 

aggregate tests Specific tests used to de¬ 
termine the suitability of ‘aggregates for 
special purposes. There are tests for: (a) shape 
and texture (the angularity number), to deter¬ 
mine whether particles have a large angle of 
friction with good bonding properties; (b) size 
and grading, to determine whether particles 
will pack well; (c) moisture content, to dis¬ 
cover whether materials absorb so much 
water that freeze-thaw action might cause 
the break-up of structures; (d) rock density, 
which may affect the economics of an opera¬ 
tion; (e) strength, determined by subjecting 
the rock to hammering in a standard test and 
measuring the percentage of fine material 
produced (the aggregate impact value, or 
A1V); (jj resistance to crushing (the aggregate 
crushing value, or ACV), measured in a similar 
manner; (g) resistance to abrasion, measured 
by standard equipment to give the aggregate 
abrasion value (AAV)—the lower the AAV, the 
more resistant the rock; and (h) resistance to 
polishing, measured in the laboratory to give 
the polished stone value (PSV)—the higher the 
PSV, the greater the resistance to polishing 


and therefore skidding, and the more valu¬ 
able the material. 

aggregation 1. Process in which soil parti¬ 
cles coalesce and adhere to form soil aggre¬ 
gates. The process is encouraged by the 
presence of bonding agents such as organic 
substances, ‘clay, iron oxides, and ions (e.g. cal¬ 
cium and magnesium). 2 . Progressive attach¬ 
ment of particles (e.g. ice or snow) or droplets 
around a nucleus, thereby causing its growth. 
Aglaophyton major See rhynia. 
Agnatha (phylum ‘Chordata, subphylum 
‘Vertebrata) Superclass of jawless, fish-like 
vertebrates, with sucker-like mouths, includ¬ 
ing the extant lampreys, slime-eels and 
hagfish, and some of the earliest primitive ver¬ 
tebrates, with heavily armoured forms, e.g. 
*Cephalaspis (see also osteostraci), Pteraspis (see 
heterostraci), and Jamoytius (see anaspida). 
They appeared first during the ‘Ordovician. 
Agnostida An order of ‘Trilobita that lived 
from the Lower ‘Cambrian to Upper ‘Ordovi¬ 
cian. Most were blind, lacking sutures, and 
typically are found rolled up. They had a sub¬ 
equal ‘cephalon and ‘pygidium. There were 
two suborders. They are important strati¬ 
graphic markers. 

agric horizon Mineral-soil diagnostic hori¬ 
zon formed from an accumulation of ‘clay, 
‘silt, and ‘humus, which has moved down 
from an overlying, cultivated soil layer. It is a 
‘soil horizon created by agricultural man¬ 
agement, and is identified by its near-surface 
position, and by ‘colloids accumulated in the 
pores of the soil. 

agrichnion (pi. agrichnia) A ‘trace fossil 
comprising a burrow that formed the perma¬ 
nent dwelling of an organism and was used to 
trap or culture smaller organisms for food or 
use them in chemosymbiosis. 

Agricola, Georgius (Georg Bauer) 
(1494-1555) The author ofworks on ‘geology’ 
and mineral classification, and of the first 
comprehensive record of mining, De Re Metal- 
lica (1556). Using Roman sources and contem¬ 
porary German knowledge, his books became 
basic reference material for two centuries, 
agrometeorology The study of the rela¬ 
tionship between conditions in the surface 
layers of the atmosphere and those in the sur¬ 
face of the Earth, as this affects agriculture. 
AGU See American geophysical union. 


































alga (pi. algae) Common (non-*taxonomic) 
name for a relatively simple type of plant which 
is never differentiated into root, stem, and 
leaves; which contains chlorophyll a as the pri¬ 
mary photosynthetic pigment; which has no 
true vascular (water-conducting) system; and 
in which there is no sterile layer of cells sur¬ 
rounding the reproductive organs. The algae 
range in form from single cells (‘Protista) to 
plants many metres in length; algae can be 
found in most habitats on Earth, although 
the majority occur in freshwater or marine 


algal bloom Sudden growth of algae in an 
aquatic ecosystem. It can occur naturally in 
spring or early summer when primary pro¬ 
duction exceeds consumption by aquatic 
herbivores (see primary productivity). Algal 
blooms may also be induced by nutrient 
enrichment of waters due to pollution. 


zon) with a ‘cation-exchange 
more than 24 cmoljkg clay and 
ration of less than 50% within : 
soil surface. Alisols have a high c 
of aluminium. 


with C0 2 in the atmosphere t 
CaC0 3 around the cement grai 
tects them from ‘weathering a 
an alkalinity level (‘pH high 
which helps to protect steel fron 
the aggregate contains soluble 
ever, new minerals may precip 
tion between the aggregate anc 
These may absorb water, causing 
to swell and eventually crack. W 


algal mat A sheet-like accumulation ofblue- 
green algae (‘Cyanobacteria) developed in 
shallow marine ‘subtidal to ‘supratidal envi¬ 
ronments, as well as in lakes and swamps. The 
algae cover the ‘sediment surface, and will in 
turn trap sediment to produce a laminated 
alternation of dark, organic-rich algal layers 
and organic-poor sediment layers. See also 
stromatolite. 
a I g i n ite See coal maceral. 

Algonkian A ‘Precambrian ‘system (Van 


clase, and iron oxides. For simi 
centrations, alkali basalts ha 
content of Na 2 0 and K 2 0 than ( 
types such as ‘tholeiites. Theyi 
acterized by the developmen 
‘nepheline in their ‘groundm; 
with the highest powered lens o 
cal microscope) and normatii 
(Ne) in their *CIPW norms. Aik; 
typically found on updomed an 
tinental crust, and on oceanic is 
Hawaii and Ascension Island. 







alkaline 


temperatures the alkali feldspars show com¬ 
plete *solid solution between the potassium 
and sodium *end-members, but as the tem¬ 
perature drops unmixing occurs and potas¬ 
sium feldspar and sodium feldspar separate 
out to produce a perthitic texture. Depending 
upon the final temperature, a range of 
perthites may result, from coarse ("perthite), 
representing perthites formed during a large 
drop in temperature, to fine ("microperthite), 
and finally to very fine (*cryptoperthite), rep¬ 
resenting perthites invisible to the naked eye 
and often invisible under the microscope, but 
observed by *X-ray diffraction (XRD) tech¬ 
niques. If the amount of potassium exceeds 
that of sodium, then potassium feldspar is the 
host and sodium feldspar occurs within the 
host mineral as *blebs, irregular patches, etc. 
In the alkali feldspars, perthitic textures 
occur in the compositional range Or 85 Ab 15 to 
0r ls Ab 85 (or Or 85 to Or 15 ). K-feldspar (KAlSi 3 0 8 ) 
is the general name for the *monoclinic, 
potassium-rich end-member: sp. gr. 2.6; 
"hardness 6; white, sometimes with a reddish 
tint; "vitreous "lustre; crystalline, "pris¬ 
matic, with simple twins (see crystal twin¬ 
ning). It is an "essential constituent of "acid 
"igneous rocks and "arkoses and is used in 
the manufacture of glazes, porcelain, and 
pottery. Microcline has the same physical 
properties and composition as orthoclase, but 
is "triclinic and is characterized by ‘cross- 
hatched' twinning. It is greyish-white, but 
bright green in the variety known as ‘ama- 
zonstone’ (‘amazonite’). Anorthoclase is very 
similar to microcline, but the amount of 
sodium exceeds that of potassium. Crystal 
twinning is common particularly along the 
"pericline and albite laws. Sanidine is the 
high-temperature variety of orthoclase and 
the inversion temperature is at 900 °C. It oc¬ 
curs in quickly cooled lavas. Adularia is a vari¬ 
ety of microcline, but with up to 10% sodium 
substituting for potassium. It may show an 
opalescent play of colours to give a variety 
known as ‘moonstone'. Albite (NaAlSi 3 O s ) is 
the sodium-rich end-member of both the al¬ 
kali feldspars and the "plagioclase feldspars. 
The semi-precious moonstone, with its char¬ 
acteristic bluish sheen or "schiller, is an ex¬ 
ample of a perthitic alkali feldspar. 

alkaline (alkalic) 1. Having a "pH greater 
than 7.0. 2 . See alkaline rock. 

alkaline rock "Igneous rock containing a 
relatively high concentration of the alkali 


(lithium, sodium, potassium, rubidium, 
caesium, and francium) and alkaline earth 
metals (magnesium, calcium, strontium, 
barium, and radium). Both silica-saturated 
and silica-undersaturated varieties exist, ex¬ 
pressed in the presence of "alkali feldspars 
and "feldspathoids respectively. Alkali "fer- 
romagnesian minerals are usually present, 
and their identity depends on the composi¬ 
tion of the rock. Igneous rocks of the alkaline 
suite span the composition range from "basic 
to "acid, and may be "intrusive or "extrusive. 

alkaline soil Soil with a "pH greater than 
7.0. Degrees of soil alkalinity are recognized. 
The "USDA lists soils with pH 7.4-7.8 as 
mildly alkaline; 7.9-8.4 as moderately alka¬ 
line; 8.5-9.0 as strongly alkaline; and more 
than 9.0 as very strongly alkaline. Soil is not 
regarded as highly alkaline unless the reac¬ 
tion is between 8.0 and 10.0. The full range of 
the pH scale (0-14) is not used in soils, as the 
reaction of most soils is between pH 3.5 and 
pH 10.0. A "base saturation of 100% indicates 
a pH of about 7.0 or higher. 

alkaliphile An "extremophile (domain 
"Archaea) that thrives in environments 
where the "pH is above 9.0. 

allanite (orthite) "Mineral, with the for¬ 
mula (Ca,Ce,Y,La,Th) 2 (AlFe) 3 Si 3 0 12 (0H); sp. gr. 
3.4-4.2; "hardness 5.0-6.5; "monoclinic; 
light brown to black; pitchy to "sub-metallic 
"lustre; faintly radioactive; "crystals nor¬ 
mally "prismatic, often "tabular, sometimes 
"massive; "cleavage imperfect (001); often 
occurs as an "accessory mineral in granitic 
rocks, "syenites, "gneisses, and "skarns. 

Alleghanian orogeny A phase of moun¬ 
tain building, that began in the Early "Car¬ 
boniferous and was completed by the end 
of the "Permian, caused by the collision be¬ 
tween N. America and Africa. It formed part 
of the general WSW to ENE "Hercynian belt. 
The orogeny affected the Lower "Palaeozoic 
"basement and Lower Permian strata along 
the western margin of the southern and 
central parts of the Appalachian Mountains 
extending from what is now Pennsylvania 
to Alabama, with effects as far north as 
New Brunswick and Newfoundland. See 
APPALACHIAN OROGENIC BELT. 

allele Common shortening of the term ‘al¬ 
lelomorph’. One of two or more forms of a 
"gene arising by mutation and occupying the 



allopatric speciation 


same relative position (locus) on homologous 
‘chromosomes. 

allelomorph Term that is commonly short- 

Allen's rule A corollary to ‘Bergmann’s 
rule and ‘Gloger’s rule, holding that a race of 
warm-blooded species in a cold climate typi¬ 
cally has shorter protruding body parts (nose, 
ears, tail, and legs) relative to body size than 
another race of the same species in a warm 
climate. This is because long protruding 
parts emit more body heat, and so are disad¬ 
vantageous in a cool environment, but ad¬ 
vantageous in a warm environment. The idea 
is disputed, critics pointing to many other 
adaptations for heat conservation which 
probably are more important, notably fat lay¬ 
ers, feathers, fur, and behavioural adapta¬ 
tions to avoid extreme temperatures. 
Altered Late glacial (i.e. late ‘Devensian) pe¬ 
riod marking a prolonged warmer oscillation 
or ‘interstadial during the general phase of 
ice retreat in NW Europe. ‘Radiocarbon dat¬ 
ing suggests it lasted from about 12 000 BP to 
10 800 BP. Pollen records for the NW Euro¬ 
pean area indicate a cool temperate flora with 
birch (Betula species) widespread, in marked 
contrast to the preceding and following, 
colder, ‘Dryas, phases, 
allochem The collective term for particles 
(grains) which form the framework in me¬ 
chanically deposited ‘limestones. In the 
limestone classification of ‘Folk, allochems 
are often found together with a ‘carbonate 
mud ‘matrix (‘micrite) and may subse¬ 
quently have ‘pore spaces filled by sparry 
‘calcite ‘cement (‘sparite). Common al¬ 
lochems include skeletal fragments (‘bio¬ 
clasts), ‘ooids, ‘peloids, and ‘intraclasts, 
allochemical A ‘limestone defined by the 
‘Folk classification as comprising ‘allochems 
with either a sparry ‘calcite ‘cement 
(‘sparite), or a ‘microcrystalline ‘calcite (‘mi¬ 
crite) ‘matrix. Limestones lacking allochems 
are defined by Folk’s classification of lime¬ 
stones as ‘orthochemical limestones or ‘au¬ 
tochthonous ‘reefrocks, 
allochthon A body of rock that has been 
transported to its present position, usually over 
a considerable distance. See allochthonous. 
allochthonous Not indigenous; acquired. 
In the Earth sciences the term is applied to 
geologic units that originated at a distance 


from their present position. Such displace¬ 
ment may be due to lateral thrusting and 
overfolding, or to gravity gliding. Compare 
AUTOCHTHONOUS. 

allochthonous terrane See terrane. 
alloclast A ‘clast produced by subter¬ 
ranean, igneous processes that break up pre¬ 
existing volcanic rocks. Compare autoclast; 
epiclast; and hydroclast. 
allocydic mechanisms Events respons¬ 
ible for the accumulation of sediments that 
are external to the sedimentary system itself 
(e.g. sea-level changes, tectonic activity, or cli¬ 
mate). Compare autocyclic mechanisms. 
allodapic Applied to materials deposited by 
turbidity (see turbidity current) or ‘mass 
flow, particularly used in relation to ‘lime¬ 
stones deposited by mass flow, 
alloformation See allostratigraphic 


allogenic Applied to minerals, or other 
components of a rock, that have been derived 
from pre-existing rocks and transported 
some distance to form part of the present 
unit; e.g. ‘quartz grains in a ‘sandstone. Com¬ 
pare authigenic. 

allogenic stream Stream originating out¬ 
side a particular area and whose continuation 
is inconsistent with its new surroundings. 
Type examples are the Nile and Indus, whose 
discharges are sufficient to carry them 
through arid regions, and the European 
Neretva, which is large enough to pass over 
permeable limestone, 
allogroup See allostratigraphic units. 
allomember See allostratigraphic units. 
allometry Differential rate of growth such 
that the size of one part (or more) of the body 
changes in proportion to another part, or to 
the whole body, but at a constant exponential 
rate. For example, the antlers of the extinct 
‘Irish elk (Megaloceros giganteus), the largest of 
all deer, grew 2.5 times faster than the rest of 
its body to reach an adult span of up to 3.5m 
in the largest individuals. Allometry may in 
other cases be negative, leading to compara¬ 
tively smaller parts. 

allopatric speciation Formation of new 
‘species from the ancestral species as a result 
of the geographic separation or fragmenta¬ 
tion of the breeding population. Genetic 















Amazonian 


instruments is then recorded and transmit- 

alpine glow At sunset, beginning as the 
Sun nears the horizon, mountains exposed to 
direct sunlight in the east, particularly if 
snow-covered, assume a series of colours 
changing from yellow-orange to a rosy pink, 
which finally becomes purplish. The same se¬ 
ries of colours in reverse order is seen on 
mountains in the west at sunrise. 
Alpine-Himalayan orogeny Period of 
mountain building that affected both north¬ 
ern and southern margins of the ancient 
*Tethyan ocean. It began in the *Triassic, but 
reached its high point during the Late 
*01igocene and ‘Miocene. The Alps are an ob¬ 
vious testament to this orogeny, while the 
gentle folds of northern France, and the 
Weald and London Basin in England, reflect 
its outer effects. 

Alportian The final stage (318.1-324.5 Ma 
ago) of the ‘Serpukhovian epoch, underlain 
by the ‘Chokierian. 

alteration A change produced in a rock by 
chemical or physical action, 
alteration halo A border of minerals pro¬ 
duced by ‘hydrothermal ‘alteration in the 
rock surrounding a ‘vein, 
alternating current The current output, 
with a sinusoidal wave-form, from an alterna¬ 
tor or dynamo. 

alternating-magnetic-field demagne¬ 
tization (AF demagnetization, thermal 
cleaning) A common method for demagnetiz¬ 
ing (see demagnetization) rock samples that 
is widely used in ‘palaeomagnetism and *ar- 
chaeomagnetism because of its simplicity and 
because it produces no chemical change in 
the samples. It can cause problems associated 
with ‘anhysteretic and ‘rotational rema- 
nences, and is only fully suitable for ‘mag¬ 
netite-bearing rock samples, 
altiplanation Process of relief reduction or 
planation (i.e. the smoothing of the surface) 
under periglacial conditions. Two mecha¬ 
nisms are involved: destruction of upstanding 
relief features by ‘gelifraction or ‘nivation, 
and accumulation of debris in depressions or 
as terraces. In many areas only partial altipla¬ 
nation has been achieved, with the emer¬ 
gence of altiplanation terraces, such as those 
of Cox Tor on Dartmoor, England. 


altocumulus From the Latin altum (height) 
and cumulus (heap). A genus of cloud com¬ 
posed largely of water droplets, and consist¬ 
ing of grey-white sheets, or banded layers and 
rolls, which may also be broken up into cells. 
Sometimes it has a banded appearance, occa¬ 
sionally giving a mackerel-sky effect; this is 
probably associated with strong vertical wind 
shear in middle altitudes. See also cloud 

CLASSIFICATION. 

Altonian A ‘stage (16.5-17.5 Ma ago) in the 
Upper ‘Tertiary of New Zealand, underlain 
by the ‘Otaian, overlain by the ‘Cliffdenian, 
and roughly contemporaneous with the 
upper ‘Burdigalian Stage, 
altostratus From the Latin altum (height) 
and stratus (spread out). A genus of cloud con¬ 
sisting of greyish sheets or layers; the cloud 
maybe striated, fibrous, or uniform. It maybe 
composed of ice crystals as well as water 
droplets. See also cloud classification. 
alumstone See alunite. 
alunite (alumstone) ‘Mineral, KA1 3 (S0 4 ) 2 
(OH) 6 ; sp. gr. 2.6-2.8; ‘hardness 3.5-4.0; ‘trig¬ 
onal; white, sometimes grey to reddish; white 
‘streak; ‘vitreous ‘lustre; ‘crystals rare, 
‘habit ‘massive; ‘cleavage basal (0001), 
distinct; ‘fracture uneven, ‘conchoidal; 
slightly astringent taste. Occurs as a ‘sec¬ 
ondary mineral in volcanic rocks containing 
potassic ‘feldspars altered by sulphuric-acid 
solutions. It is difficult to distinguish from 
‘dolomite, ‘anhydrite, and ‘magnesite, 
alveolus See belemnitida. 

A/m See amperes per metre. 

Amalthea (Jupiter V) The jovian satellite 
with the closest orbit to Jupiter. Its surface 
colour is reddish, apparently because of sul¬ 
phur emitted from *Io. Its diameter is 189 km 
(262 X 146 X 134 km), the irregular shape sug¬ 
gesting a rigid body. Its mass is 7.17 X 10“ kg; 
mean distance from Jupiter 181000 km. It ra¬ 
diates more heat than it receives from the Sun. 
Amarassian See kazanian; and tatarian . 
Amazonian A division of ‘areological time, 
lasting from 1.80 Gy to the present in the 
Hartmann-Tanaka Model and 3.55 Gy to the 
present in the Neukum-Wise Model, and di¬ 
vided into three epochs: Lower Amazonian 
(1.80-0.70 or 3.55-2.50 Gy); Middle Amazon¬ 
ian (0.70-0.25 or 2.50-0.70 Gy); and Upper 
Amazonian (0.25-0.00 or 0.70-0.00 Gy). 



















lies including the ammonites, in which the 
suture lines form very complex patterns; the 
ceratites, in which part of the suture line is 
frilled; and the goniatites, with relatively 
simple suture lines. They range in age from 
*Devonian to Upper ‘Cretaceous. All mem¬ 
bers are now extinct. See also aperture; apty- 
chus; foramen; phragmocone; and venter. 
ammonoids See ammonoidea. 
amnion See amniotic. 
amniotic Applied to a type of development 
typical of higher ‘vertebrates (‘reptiles, ‘birds, 
and ‘mammals), in which the amnion (a pro¬ 
tective membrane) surrounds the embryo in a 
bag of (‘amniotic’) fluid. Evolutionarily, the am¬ 
nion is ‘primitively associated with a shell and 
is capable of gaseous exchange; its development 
thus enabled eggs to be laid on dry land for 
the first time in vertebrate evolution. Compare 
anamniotic. 

amorphous cloud Continuous cover of 
low, featureless cloud (e.g. ‘nimbostratus), 
often producing rain. 

amosite See anthophyllite; and asbestos. 

amperes per metre (A/m) The SI unit of 
magnetic moment per unit volume. 1 A/m = 
10 3 gauss. 

Ampf erer subduction See a-subduction. 
Amphibia (amphibians) Class that appeared 
first in the ‘Devonian, having evolved from 
rhipidistian (lobe-finned) fish (see rhipidisha). 
They flourished in the ‘Carboniferous and 
‘Permian. During the ‘Triassic some forms, 
e.g. Mastodontosaurus, grew to 6 m long, and 
the first modern types were established. Today 
the amphibians are represented by just three 


the most important; hydroxyl 
occur. There are three main grt 
phibole minerals: (a) calcium-p 
boles with the general formula 
(OH,F) 2 , where X = Mg or Fe 2+ , Y 
Fe 3+ , Al 3+ , etc., and Z = Si or Al: 
cium-rich amphiboles with the 
mula AX 2 Y 5 [Z 4 0 u ] 2 (0H,F) 2 , where. 
Ca, Y = Mg, Fe 2+ , Fe 3+ , Al, etc., and 
and ( c ) the alkali amphiboles in i 
Ca and with the general formula i 
(OH,F) 2 , where A = Na or K, X = N 
Ca), Y = Mg, Fe 2+ , Fe 3+ , Al, etc., at 
Al. Calcium-poor amphiboles incl 
thorhombic amphiboles (called tl 
phiboles) and include ‘anthop 
gedrite, but the other two groups 
clinic and include the comn 
blendes ‘tremoliteand ‘actinolil 
the sodium-rich varieties such 
phane and ‘riebeckite. Amphibo 
mon rock-forming silicate mil 
occur in ‘intermediate and *a 
neous rocks and also in many regi 
morphic rock types, 
amphibolite A medium-grai 
coloured, regional ‘metamorphi 
posed of ‘hornblende and ‘plagi 
minor ‘epidote, ‘sphene, *b 
‘quartz. The rock may show a we 
planar or linear alignment of elo 
blende crystals as a result of si 
formation at the same time a 
metamorphism. These alignmt 
‘fabrics within the rock known as 
and ‘lineation respectively. Amp] 
formed by medium-grade ‘metan 
‘basic ‘igneous rocks such as *b 
‘extrusive and ‘intrusive types, 
amphibolite facies A set of m 
















































angle of shearing resistance 


Andosols A reference soil group in the 
classification used by the *FAO, comprising 
volcanic soils with a *vitric horizon at a 
depth of more than 30 cm or an *andic hori¬ 
zon within 25 cm of the surface, 
andradite Member of the ‘garnet group of 
‘minerals, Ca 3 Fe 2 (Si0 4 ) 3 ; sp. gr. 3.75; ‘hard¬ 
ness 6.5-7.5; ‘cubic; yellow, greenish, or 
brownish-red, to black; greasy to ‘vitreous 
‘lustre; most ‘crystals dodecahedral; occurs 
widely in ‘metamorphic and ‘igneous rocks 
often as a result of ‘metasomatism, also in 
beach ‘sands and ‘alluvial ‘placers. Trans¬ 
parent crystals are used as ‘gemstones, and 
the mineral can be used as an abrasive, 
anemometer An instrument for measur¬ 
ing the speed of flow in a fluid. Meteorologi¬ 
cal anemometers measure wind speed. Most 
do so either from the rotation of a wind-dri¬ 
ven turbine (‘rotating cups anemometer’) or 
from the wind pressure through a tube 
aligned by a vane to point into the wind 
(‘pressure-tube anemometer’), 
anemometry The measurement of the 
speed of flow in a fluid, 
aneroid barometer Instrument for meas¬ 
uring atmospheric pressure as represented by 
the height (or thickness) of a sealed, flexible, 
metal, concertina-shaped drum from which 
air has been partially evacuated. Variations in 
the height of the drum are transmitted to a 
pressure scale either mechanically, through a 
series of levers and a pointer, or electronically. 
Angara A continental mass of Asia, China, 
and the Far East that existed during the 
‘Palaeozoic. In the latest Palaeozoic it be¬ 
came joined to ‘Euramerica along the line of 
the present Ural Mountains. 

Angaraland Name given by the Austrian 
geologist Eduard ‘Suess (1831-1914) to a 
small ‘shield in north-central Siberia, where 
‘Precambrian rocks are exposed, and which 
was considered to be the nucleus for subse¬ 
quently developed structural features in Asia, 
angiophyte A plant belonging to the evolu¬ 
tionary line leading to the ‘angiosperms. An- 
giophytes may have begun to diversify in the 
Late ‘Triassic, become rarer during the 
‘Jurassic, but radiated vigorously in the Early 
‘Cretaceous. 

angiosperm A flowering plant, distin¬ 
guished by producing seeds that are enclosed 


fully by fruits. Angiosperms are the most 
highly evolved of plants, and appear first in 
rocks of Lower ‘Cretaceous age. All of them 
are included in the division Anthophyta. 
Angiospermae (‘angiosperm) One of the 
two divisions of the ‘Spermatophyta (seed 
plants), the other being the Gymnospermae. 
In modern classifications the Angiospermae 
are called Anthophyta. 
angle of draw The angle between the end 
of an underground working and the point on 
the ground surface to which ‘subsidence, 
due to that working, may extend. Draw usu¬ 
ally proceeds at an angle of 65-75° to the 
horizontal. 

angle of incidence (incident angle) The 

angle between an incident ray or wave and 
the normal to a reflecting or refracting sur¬ 
face. The angle of incidence is related to the 
‘angle of refraction by ‘Snell’s law. See also 
CRITICAL ANGLE. 

angle of internal friction (friction 

angle) A measure of the ability of a unit of 
rock or soil to withstand a ‘shear stress. It is 
the angle (<(>), measured between the normal 
force (N) and resultant force (R), that is at¬ 
tained when failure just occurs in response to 
a shearing stress (S). Its tangent (S/N) is the 
coefficient of sliding friction. Its value is de¬ 
termined experimentally, 
angle of reflection The angle between a 
reflected ray or wave and the normal to a 
reflecting surface. 

angle of refraction The angle between a 
refracted ray or wave and the normal to a 
refracting surface. The angle of refraction is 
related to the ‘angle of incidence by ‘Snell’s 
law. A ray or wave entering a medium in which 
its speed is higher than in the medium it is 
leaving will deviate away from the normal, 
whereas when it enters a medium of lower 
speed it will deviate towards the normal, 
angle of repose Maximum angle at which 
unconsolidated material can stand. Various 
factors determine this angle, including 
particle size and angularity, the degree of 
interlocking between particles, and ‘pore- 
water pressure. A typical angle of repose for 

angle of shearing resistance (internal 
angle of friction, angle of frictional resis¬ 
tance; i|>) Approximate angle of repose for 






anglesite 


clean *sand; it reduces with moisture con¬ 
tent and is zero for a sheared, saturated *clay. 
For rocks, a rough determination of the angle 
may be made by placing two small blocks of 
material together and inclining them until 
the top one slides. 

anglesite ‘Secondary lead mineral, PbS0 4 ; 
sp. gr. 6.3-6.4; ‘hardness 3; ‘orthorhombic; 
normally colourless to white, but sometimes 
yellow, grey, or coloured by a bluish tinge; 
white ‘streak; ‘adamantine ‘lustre; ‘crys¬ 
tals ‘tabular, ‘prismatic, or pyramidal, or oc¬ 
curring as ‘massive, granular, or compact 
aggregations; normally occurs in the oxi¬ 
dized zone of lead deposits, and often sur¬ 
rounds a core of‘galena. 

Anglian 1 . A ‘glacial ‘stage of the middle 
‘Pleistocene in Britain. 

2 . A middle-*Pleistocene, cold-climate series 
of deposits. There were a number of glacial 
advances in East Anglia (England), which are 
difficult to understand. Near Lowestoft there 
are two ‘till sheets separated by stratified 
sands. The lower, North Sea Drift, contains 
Scandinavian ‘erratics, and the upper, 
thicker till, contains erratics of ‘Jurassic or 
‘Cretaceous material. The highest terraces of 
the Thames may belong to this period and 
perhaps could also be correlated with the *E1- 
sterian deposits of Europe, 
angstrom (A) Unit of length equal to 10 m, 
used in measuring ‘electromagnetic radiation 
including visible light and X-rays. Replaced in 
SI units by the nanometre (10 A = 1 nm). 
angularity number See aggregate tests. 
angular momentum The momentum of a 
body rotating in a plane around a point. It is 
formally the product of the mass of the body, 
the radius of the orbit, and the square of the 
angular velocity (mrai 2 ). Because of its rotation 
about its axis, the Earth has rotational angular 
momentum, and orbital angular momentum 
on account of its annual revolution around 
the Sun. The angular momentum of the 
Earth-Moonsystem(3.45 X 10 34 rad/kg/m 2 /s)is 
the sum of the rotational angular momentum 
of the Earth and the Moon’s orbital angular 
momentum, and is high compared to that of 
the other terrestrial planets, 
angular shear strain A measure of the an¬ 
gular rotation from two mutually perpendic¬ 
ular reference axes following simple ‘shear. 
The shear strain is given as the tangent of 


angular shear t|), and may be positive or nega¬ 
tive with respective clockwise or anticlock¬ 
wise rotations in relation to the reference 
perpendicular. 

angular unconformity A ‘discordant 
surface of contact between the deposits of 
two episodes of sedimentation in which the 
older, underlying ‘strata have undergone 
folding, uplift, and ‘erosion before the depo¬ 
sition of the younger ‘sediments, so that the 
younger strata truncate the older. See also 
UNCONFORMITY. 

anhedral (allotriomorphic)Amorphological 

term referring to grains in ‘igneous rocks 
which have no regular crystalline shape. An¬ 
hedral forms are developed when a ‘crystal’s 
free growth in a ‘melt is inhibited by the pres¬ 
ence of surrounding crystals. The shape of the 
growing crystal is thus controlled by the 
arrangement and orientation of the surround¬ 
ing pre-existing crystals. Compare euhedral. 

anhydrite Mineral sulphate, CaSO„, found 
in ‘evaporite deposits; sp. gr. 2.9-3.0; ‘hard¬ 
ness 3.0-3.5; ‘orthorhombic; normally white 
to colourless, sometimes with a bluish tinge, 
but occasionally grey and reddish; white 
‘streak; ‘vitreous to pearly ‘lustre; ‘crystals 
rare, the mineral being usually ‘massive, 
granular, and fibrous; three ‘cleavages at 
right angles, perfect (010), good (100), 
(001); occurs with ‘gypsum and ‘halite, de¬ 
posited directly from sea water at tempera¬ 
tures in excess of 42 °C, can form from the 
dehydration of gypsum; may occur as a ‘cap 
rock above ‘salt domes, and as a minor 
‘gangue mineral in ‘hydrothermal veins. It 
is used as a raw material for cements. 

anhysteretic magnetization The mag¬ 
netization acquired when a direct magnetic 
field is applied to a specimen which is simul¬ 
taneously held in an alternating magnetic 
field. See alternating magnetic field demag¬ 
netization. 

Animalia (Metazoa) Multicellular organ¬ 
isms that develop from embryos; one of the 
three kingdoms of multicellular organisms 
(the other two being ‘Fungi and ‘Plantae). 
The kingdom includes all animals other than 
protozoons (some of which are colonial); 
‘Porifera (sponges) are sometimes excluded 
because their structure differs markedly from 
that of other animals. Animals first appeared 
in the ‘Precamhrian, the Porifera from one 
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anode (the positive electrode). Compare cation. 
Anisian 1 . A Middle *Triassic *age, pre¬ 
ceded by the ‘Scythian Epoch, followed by 
the ‘Ladinian Age, and dated at 237-245 Ma 
ago (Int. Commission on Stratigraphy, 2004). 
2 . The name of the corresponding European 
‘stage, which is roughly contemporaneous 
with the Guan Ling (China) and ‘Etalian 
(New Zealand). 

Anisograptidae See graptoloidea. 

anisometric growth Achange in the ratio 
between the sizes of t 
during its ‘ontogen 


meters in different directions. Specific in¬ 
struments measure ‘electrical conductivity, 
‘seismic waves, and low- and high-field mag¬ 
netic ‘susceptibility. 

anisotropy The variations in the physical 
properties of a medium that depend on the 
direction in which they are measured. Com¬ 
pare inhomogeneity; and isotropy. 
ankerite ‘Mineral, Ca(Mg.Fe)(C0 3 ) 2 ; sp. gr. 
2.9-3.2; ‘hardness 3.5-4.0; ‘trigonal; yellow¬ 
ish-brown, sometimes white, yellow, or grey; 
white ‘streak; ‘vitreous ‘lustre; ‘crystals can 
be rhombohedral, but ankerite also occurs 
‘massive and granular; ‘cleavage rhombohe¬ 
dral, perfect {1011), faint {0221); occurs as a 
‘gangue mineral with iron ores, and as 
fillings associated with coal seams, and in an 
environment similar to that of ‘dolomite. It 
is a form of ferroan dolomite where ferrous 
iron substitutes for Mg in a ‘solid solution se¬ 
ries from dolomite (CaMg(C0 3 ) 2 ) to ankerite 
((CaMg„ 75 Fe 0 2S )(C0 3 ) 2 ). Ankerite often forms as 
a ‘cement by diagenetic reaction (see dlagene- 
sis) from ferroan ‘calcite at burial depths of 
about 2.5 km. It is named after the Austrian 
mineralogist M. J. Anker. See also carbonatite. 
Ankylosaurus (ankylosaurs) Genus of 


anisomyarian Se 





annual snow-line 


cliff and hired men to dig out the rock in 
which they were embedded. When the mater¬ 
ial was finally exposed it proved to be the 
skeleton of an animal 5 m long, and eventu¬ 
ally identified as Ichthyosaurus platyodon (see 
ichthyosauria). Mary Anning later found fos¬ 
sils of cephalopods (see cephalopoda). Ple¬ 
siosaurus (see plesiosau-roidea), Dimorphodon 
(*Pterosauria), and fish. Her discoveries at¬ 
tracted many distinguished palaeontologists 
to Lyme Regis and made her famous. She is 
commemorated by a stained glass window in 
the parish church and in the tongue-twister 
'She sells sea shells on the sea shore’, 
annual snow-line See pirn line. 
annulus (planetary) A ring-like structure 
used, for example, to describe a discrete ring 
of ejecta around a martian * rampart crater, 
anode A positive electrode. See anion. 
anomaly See geobotanical anomaly; geo¬ 
chemical anomaly; gravity anomaly; heat 
flow anomaly; and magnetic anomaly. 
anomphalous See imperforate. 
anorogenic Applied to 1. a feature that 
was not formed as a result of tectonic distur¬ 
bance, i.e. in an interval between orogenic 
events, and 2 . such an interval, 
anorthite See alkali feldspar. 
anorthodase See alkali feldspar. 
anorthosite ‘Plutonic rock composed 
almost entirely of‘plagioclase feldspar (90% or 
more) which may be oligodase, andesine, 
labradorite, or bytownite. These rocks occur 
most frequently in ‘Precambrian ‘shield areas 
as non-stratiform intrusions or in layered com¬ 
plexes. Anorthosite also constitutes the ‘lunar 
highlands where it is largely composed of the 
calcium ‘end-member anorthite. 
anoxic The condition of oxygen deficiency 
or absence of oxygen. Anoxic ‘sediments and 
anoxic bottom waters are commonly pro¬ 
duced where there is a deficiency of oxygen 
due to very high organic productivity and a 
lack of oxygen replenishment to the water or 
sediment, as in the case of stagnation or 
stratification of the water body. 

Antarctic air Very cold, continental polar 
‘air mass, which originates over the frozen 
surface of Antarctica and the surrounding 
pack-ice, and over the coldest waters of the 
‘Antarctic Ocean. As this air moves north¬ 


ward over warmer waters it becomes convec- 
tively unstable. 

Antarctic bottom water (AABW) A dense 
bottom-water mass, formed in the Weddell 
and Ross Seas, which moves in an easterly di¬ 
rection around Antarctica under the influence 
of the deep-reaching, wind-driven surface 
‘Antarctic Circumpolar Current (West Wind 
Drift). It is typified by a ‘salinity of34.66 parts 
per thousand and a low temperature (-2 °C to 
-0.4 °C). The high salinity and dense nature is 
caused by the removal of pure water as sea ice. 
Antarctic Circumpolar Current (West 
Wind Drift) The largest and most important 
ocean current in the southern hemisphere. 
It flows in an eastward direction around 
Antarctica, and occupies a wide tract of water 
in the S. ‘Pacific, S. ‘Atlantic, and ‘Indian 
Oceans. There is very little separation be¬ 
tween surface- and ‘bottom-water circulation 
within this area. The current is remarkably 
constant and is characterized by low ‘salinity 
(less than 34.7 parts per thousand), and cold 
waters (-1 to 5 ° C). It is the only current which 
flows right around the world. 

Antarctic Coastal Current (East Wind 
Drift) A narrow ocean current that flows in a 
westerly direction parallel to the coast of 
Antarctica at about 65° S. its average speed is 
0.1 m/s. The current is not continuous, being 
absorbed into the ‘gyres circulating in the 
Weddell and Ross Seas. 

Antarctic convergence (AAC) A conver¬ 
gence line in the seas that circle Antarctica 
between latitudes 50° S and 60° S. It is where 
the cold waters from the Antarctic region 
meet and sink beneath the warm waters from 
the middle latitudes, so forming the ‘Antarc¬ 
tic intermediate water. This convergence line 
is now called the Antarctic polar front. 
Antarctic front Frontal boundary be¬ 
tween cold Antarctic air and warmer air, 
usually lying to the north of it. 

Antarctic intermediate water (AIW) A 
water mass formed at the surface near to the 
‘Antarctic convergence, at about 50° S. It is 
typified by a low ‘salinity (33.8 parts per 
thousand) and low temperature (2.2 °C). As 
it spreads northwards it sinks to depths of 
900 m and can be traced even in the North 
Atlantic at 25°N. 

Antarctic meteorites ‘Meteorite finds 
from ‘ablation zones on Antarctic glaciers, 
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which represent about 25% of all the me¬ 
teorites so far discovered. They vary in compo¬ 
sition but are usually quite fresh and may have 
fallen from one million years ago to the present 
day. They are therefore of great importance in 
the study of meteorites. Antarctic meteorites 
include the first meteorites known to have 
been derived from the *Moon and *Mars. 
Antarctic Ocean (Southern Ocean) The 
ocean surrounding Antarctica. It extends 
northwards to about 40“ S latitude, the limit 
of the northward drift of ice from the Antarc¬ 
tic region, where there is a marked change in 
water temperature and ‘salinity. The Antarc¬ 
tic Ocean is typified by low water tempera¬ 
tures (-1.8 “C to 10 °C). 

Antarctic Plate A present-day major lithos¬ 
pheric plate that extends beyond the Antarctic 
continent to the surrounding ‘constructive 
plate margins. 

Antarctic polar current Asurfacecurrent 
which flows in a westward direction around 
Antarctica under the influence of easterly 
winds blowing off the ice cap. 

Antarctic polar front See antarctic con¬ 
vergence. 

ante- From the Latin ante, meaning ‘before’, 
a prefix meaning ‘preceding’ or ‘previous’, 
antecedent drainage The hypothesis that 
a stream crossing a geologic structure may be 
older than that structure. Such a stream is 
believed to maintain its course across a devel¬ 
oping ‘fold or ‘fault. This is a favoured expla¬ 
nation for streams crossing structures in 
geologically active areas, as do the Arun in the 
Himalayas, and the Grand Canyon section of 
the Colorado in the Rockies, 
anterior (biological) In animals, applied 
to the front part of the body when the animal 
is moving forward. In plants, that part of 
the inflorescence that is farthest from the 


Anthocyathea See irregulares. 
anthophyllite ‘End-member (Mg,Fe) 2 
(Mg,Fe) 5 [Si 4 O u ] 2 (OH,F) 2 , along with gedrite, of 
the calcium-poor, orthorhombic ‘amphi- 
boles. In anthophyllite Mg > Fe, whereas in 
gedrite Mg < Fe. It is found exclusively in 
‘metamorphic rocks, where it may occur 
with ‘cordierite. Amosite is the asbestiform 
variety of anthophyllite. 

Anthophyta See angiosperm. 


Anthozoa (sea-anemones, corals, sea pens) 

(phylum * Cnidaria) A class of exclusively poly¬ 
ploid, marine cnidarians. They probably first 
appeared in the ‘Ordovician although there 
are possible records for some groups in the 
‘Cambrian. They are solitary or colonial and 
usually sedentary. The oral end is expanded as 
an oral disc with a central mouth that has one 
or more rings of hollow tentacles. Anthozoans 
have a well-developed stomodeum (gullet) 
leading from the mouth to the enteron (gas- 
trovascular cavity). The interior of the enteron 
is divided by ‘mesenteries (infoldings of 
the gut wall). Those members of the class that 
secrete hard, calcareous skeletons are impor¬ 
tant in the geologic record from the ‘Palaeo¬ 
zoic onwards, and at some levels form true 
coral ‘reefs. In the Palaeozoic they are 
often associated with other organisms, e.g. 
stromatoporoids (‘Stromatoporoidea), to 
produce organic build-ups or reef mounds. 
See heterocorailla; octocorallia; rugosa; 
scleractinia; tabulata; and zoantharia. 
anthracite A type of ‘coal, relatively hard, 
jet black, with a metallic ‘lustre, sub-*con- 
choidal fracture, unhanded, with less than 
10% ‘volatiles and more than 90% carbon. It 
burns with intense heat and a non-luminous 

Anthracosauria (Embolomeri) An order 
of ‘Carboniferous and early ‘Permian 
labyrinthodont amphibians (‘Labyrintho- 
dontia) that includes the ancestors of rep¬ 
tiles. Many of the fossils were found in coal 
measures and the name means ‘coal lizards’. 
The anthracosaurs were first defined as large, 
aquatic amphibians, and later as reptile¬ 
like amphibians. They are now defined as 
reptile-lilce tetrapods (‘Tetrapoda), and prob¬ 
ably not true amphibians, comprising a *pa- 
raphyletic order within the superorder 
‘Reptilomorpha. 

Anthropogene See quaternary. 
anthropogenic Applied to substances, 
processes, etc. of human origin, or that result 
from human activity. 

anthropogeomorphology The study of 
those land-forms and processes that are a di¬ 
rect result of human activity, including accel¬ 
erated ‘erosion, channelized river channels 
(i.e. rivers made to flow along fixed, some¬ 
times concrete-lined, channels), the melt¬ 
ing of ‘permafrost, and ground subsidence 
due to the extraction of water or minerals. 


Anthropoidea 


Particular examples include the Norfolk 
Broads, England, which are essentially 
flooded peat quarries, and the Zuider Zee, 
whose damming has had a major impact on 
the coastal morphology of the Netherlands. 
Anthropoidea See simiiformes. 
Anthrosols A reference soil group in the 
soil classification scheme used by the *FAO. 
Anthrosols have ‘soil horizons that have 
been strongly affected by human activity 
(see hortic horizon; irragic horizon; and 

TERRIC HORIZON). 

anti- From the Greek anti, meaning ‘against’, 
a prefix meaning ‘against’ (in the sense of 
opposed to), ‘opposite’, or ‘preventing’. 
Antian The Lower ‘Pleistocene, temperate, 
marine deposits that form the upper section 
of a tripartite division of deposits revealed in 
a ‘borehole at Ludham, in eastern England. 
See also baventian; ludhamian; pastonian; 
and thurnian. 

anticlinal trap A ‘fold structure with an 
arch of non-porous rock overlying porous 
strata (‘reservoir rock), providing a trap in 
which oil, gas, or water may accumulate. In 
Middle East oilfields, large, upright folds 
occur in thick, competent ‘limestones which 
extend for many kilometres; fracturing along 
the crests of the ‘anticlines increases ‘per¬ 
meability in the reservoir rocks. See petro¬ 
leum; and natural gas. Compare fault trap; 
reef trap; stratigraphic trap; structural 

anticlinal valley Valley developed along 
the axis of an ‘anticline. Inward-facing ‘es¬ 
carpments are developed where the upper 
beds of the anticline are relatively resistant, 
while softer lower materials occupy the val¬ 
ley floor. It is a common land-form in gently 
folded strata of varying resistance, such as 
occur in southern Britain, 
anticline Arch-shaped fold in rocks, closing 
upwards, with the oldest rocks in the core, 
anticlinorium Aregional antiformal struc¬ 
ture (see antiform) composed of a series of 
smaller, higher-order ‘anticlines and ‘syn¬ 
clines , some of which may be small enough to 
be viewed in ‘outcrop, 
anticoincidence circuit A device to mini¬ 
mize errors that may occur when measure¬ 
ments are made to date radiocarbon samples. 
These measurements must be extremely ac¬ 


curate due to the very low level of activity (see 
radiocarbon dating). The error quoted on a 
radiocarbon age determination is solely an 
error in counting statistics. Such errors may 
rise from spurious counts generated by cont¬ 
amination of the sample, cosmic activity 
detected by the counter, and radioactive cont¬ 
aminants in the equipment being used. 
Initially the counter was shielded by sur¬ 
rounding it with large amounts of iron, lead, 
distilled mercury, or paraffin wax mixed 
with boric acid. An anticoincidence circuit is 
an alternative to material absorbers, and con¬ 
sists of a series of tangentially placed ‘Geiger 
tubes operated in anticoincidence (i.e. they 
do not require input signals to arrive within 
specified intervals in order to be activated). 
These are positioned within an iron shield, 
and around the central counting chamber. 
Radiation from outside, or from within the 
shield, is detected by this ring of Geiger tubes 
and can be discounted. Special counters have 
now been developed in which the anticoinci¬ 
dence counters are builtinto the same tube as 
the main counter, so that the same gas is used 
in the whole system. The wall of such a 
counter usually consists of a polystyrene foil 
covered on both sides with aluminium. This 
is then surrounded by a ring of wires forming 
the ‘anode for the anticoincidence circuit, 
anticydogenesis Process whereby an ‘an¬ 
ticyclone or a ridge of high pressure is formed 
and developed. 

anticydolysis Process whereby an ‘anticy¬ 
clone or ridge of high pressure is dissipated 
or weakened. 

anticyclone Area or system of high atmo¬ 
spheric pressure that has a characteristic pat¬ 
tern of air circulation, with subsiding air and 
horizontal divergence of the air near the sur¬ 
face in its central region. Winds are generally 
light because of small pressure gradients; 
they flow clockwise in the northern hemi¬ 
sphere and anticlockwise in the southern 
hemisphere. A ‘temperature inversion is 
common at the base of the air subsidence, 
and this restricts the vertical development of 
cloud. Weather conditions are generally set¬ 
tled. Cold anticyclones form over continents 
in winter and over polar areas at any time, ac¬ 
companied by strong inversions: in the clear 
air, pronounced frosts and very cold surface 
conditions result. Warm anticyclones (so 
called because of the warm, subsided air 
aloft) over land areas typically bring spells of 
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apomorphic Applied to features possessed 
by a group of biological organisms that dis¬ 
tinguish those organisms from others de¬ 
scended from the same ancestor. The term 
means ‘new-featured’ and refers to ‘derived’ 
characters that have appeared during the 
course of evolution. 

apophysis (pi. apophyses) 1 . An irregular 
or sheet-like *vein or *dyke which originates 
from a larger ‘igneous rock body. 2 . See 

VERTEBRA. 

Appalachian orogenic belt A 3 200 km 

long, ‘Palaeozoic, ‘orogenic belt extending 
from Newfoundland to Alabama and inter¬ 
preted as the consequence of the closure of 
the *Iapetus Ocean. Extensions of the belt 
along * strike include the Caledonian oro¬ 
genic belt (see Caledonian orogeny) in north¬ 
western Europe, now separated by the 
Atlantic Ocean. The deformation in the 
Appalachian belt ranges from late ‘Precam- 
brian to * Permian, divided into four major 
‘orogenies (‘Avalonian, ‘Taconic, ‘Acadian, 
and ‘Alleghanian), with the transport of 
*thrust-*nappes predominantly north-west¬ 
wards. ‘Seismic reflection profiling by 
‘COCORP has supported, at least for the 
southern Appalachians, recent interpreta¬ 
tions of a thin-skinned tectonic style in which 
a few kilometres’ thickness of highly de¬ 
formed material has been thrust westward 
for at least 200 km. 
apparent age See absolute age. 
apparent cohesion Cohesion of grains 
due to surface tension in the surrounding 
pore water. 

apparent conductivity (a a ) The inverse 
of ‘apparent resistivity; the units are 
‘siemens/metre. 

apparent dip The dip of the trace of a 
plane, which is measured from the horizon¬ 
tal in any section non-perpendicular to the 
‘strike of the plane. Compare true dip. See also 

apparent polar wander (APW) The line 
traced on each of the continents by joining to¬ 
gether the positions of the ‘palaeomagnetic 
poles at different times. The geometry of the 
line differs for each continent and appears to 
suggest a path followed by poles that changed 
their positions over time. In fact, the chang¬ 
ing positions of the poles reflect the latitudi¬ 
nal movements and rotations of lithospheric 
‘plates, rather than movements of the poles. 


apparent resistivity (p a ) A measurement 
of resistivity which is calculated as the prod¬ 
uct of the measured resistance (R) and a ‘geo¬ 
magnetic factor (jy such that p a = KJl, in 
units of ohms/m. It is important to note that 
the apparent resistivity is not an explicit mea¬ 
surement of the electrical resistivity of a ma¬ 
terial and should not be interpreted as being 
diagnostic of a given material, 
apparent velocity (v a ) The velocity which 
a wave-front exhibits along a line of ‘geo¬ 
phones. If the wavefront approaches the geo¬ 
phone ‘array at an angle 6, then the true 
velocity of the wavefront, v, is given by v = 
v a cos0. In ‘refraction seismology, v a is the rec¬ 
iprocal of the gradient of a straight-line seg¬ 
ment of a ‘time-distance graph, 
apparent wavelength (>.„) If a wave train 
approaches a line of ‘geophones at an angle 
6, then the distance between corresponding 
points on successive cycles of the wave form 
as detected by those geophones is an appar¬ 
ent and not a true wavelength. True wave¬ 
length X = X a sin0. 

apsadine A condition of the interarea of 
a strophic brachiopod (‘Brachiopoda) shell 
where the inclination of the ‘cardinal area rel¬ 
ative to the plane of‘commissure is 90-180°. 
It is one of the most commonly occurring con¬ 
ditions. Compare anacline. 
aptation A character that suits its possessor 
to its ‘environment; it may be an ‘abapta- 
tion, ‘adaptation, or ‘exaptation. 

Aptian 1 . An Early ‘Cretaceous ‘age, 
preceded by the ‘Barremian, followed by 
the ‘Albian, and dated at 112-125 Ma (Int. 
Commission on Stratigraphy, 2004). 2 . The 
name of the corresponding European ‘stage, 
which is named after Apt in France. See also 
NEOCOMIAN. 

aptychus A calcitic plate associated with 
‘Mesozoic ‘ammonites. Normally these plates 
occur in pairs. Aptychi are shaped like bivalves 
(‘Bivalvia) and have an ornamented outer sur¬ 
face. Since they have been found inside the 
aperture of ammonoid shells they were origi¬ 
nally interpreted as ‘opercula, protecting the 
ammonoid body when it was withdrawn into 
the shell. It has now been shown that aptychi 
are probably the lower jaws of ammonoids and 
that the horny upper jaw is rarely preserved. 
APW See APPARENT POLAR WANDER. 

APXS See ALPHA-PROTON-X-RAY SPECTROMETER. 











































Archaeopteris 


Archaeopteris Early *progymnosperm 
found first in the *Frasnian stage of the ‘De¬ 
vonian Period. It was identified by its fronds, 
and is the earliest known representative of 
the Archaeopteridales. 

Archaeopteryx lithographica Only five 
specimens of this species, the first bird, are 
known. Archaeopteryx is recorded solely from 
the Lithographic Limestone of the Solnhofen 
region of Bavaria, Germany. It was first de¬ 
scribed by H. von Meyer in 1861 and is of Mid¬ 
dle ‘Kimmeridgian or Upper ‘Jurassic age. 
Recent work on this species by several 
palaeontologists tends to support the theory 
that the birds, through Archaeopteryx, evolved 
from ‘coelurosaur ‘dinosaurs similar to 
Compsognathus. The species A lithographica pos¬ 
sesses several primitive characters such as 
teeth, as well as specialized features such as 
feathers and hollow bones. It is a good exam¬ 
ple of a connecting species which exhibits a 
mosaic of evolutionary features, 
archaeopyle See dinophyceae. 
Archaeosperma arnoldii The earliest 
(‘Devonian) seed-like structure. 
Archaeosphaeroides A coccoid cyano- 
phyte ( see cyanobacteria) from the Figtree (see 
swazian) cherts of S. Africa, which are ‘Ar¬ 
chaean and date from perhaps 3 000 Ma ago. 
Archaeozoic See archaean; and cryptozoic. 
archaic sapiens Humans (i.e. Homo sapiens) 
that share features with earlier (non-Homo) 
species, relating mainly to cranial capacity 
and the robustness of the teeth and skeleton, 
that are lost in anatomically modern humans. 
The archaic species are classified as Homo sapi¬ 
ens, but not as belonging to the subspecies of 
modern humans. Homo sapiens sapiens. 
arche- Alternative spelling for the prefix 

archetype Ahypothetical ancestral form in 
which all the basic characteristics of a taxo¬ 
nomic group occur, although they are not 
specialized in any one direction. Thus the 
modern primitive mollusc Neopilina is per¬ 
haps close to the molluscan archetype. 
Archie's law An empirical law which relates, 
for a clay-free sediment, the electrical ‘resistiv¬ 
ity p of a porous rock containing water and ce¬ 
ment to the fraction of the pore space that is 
filled with water, p = pcrV. where po is the re¬ 
sistivity of the water and s is the fraction of pore 


space filled with water. The exponent n is usu¬ 
ally about 2.0 if one-third of the pore space is 
filled with water, and exponentmusually varies 
between 1.3 for unconsolidated sediments to 
approaching 2.0 for a well-cemented sediment. 
In the oil-bearing rocks, the remaining pore 
space is considered to be filled with either 
oil or gas and the law is usually expressed as 
S w = (RJKJ 0 - 5 ^, where S„ is the fraction of 
pore space filled by water with a resistivity 
R^, in a rock with a true resistivity of R, and a 
‘porosity <J>. 

arching 1. In an underground ‘excavation, 
a small inward movement of the sides, roof, 
and floor of the cavity caused by in situ stress 
around the excavation. This reduces the per¬ 
meability of the rock in the immediate vicin¬ 
ity of the excavation. 2 . Masonry or steel 
support in underground workings, 
archipelago Group of islands; a sea con¬ 
taining many scattered small islands, 
architecture of sandbodies The large- 
scale form and arrangement of ‘sandstone 
beds. See sandbody. 
archosaur See archosauria. 

Archosauria (archosaurs) Infraclass of 
‘diapsid reptiles, including the ‘crocodiles, 
‘dinosaurs, ‘pterosaurs, and ‘thecodontians. 
Thecodontians were ancestral to the other 
groups and appeared at the base of the ‘Trias- 
sic. The term ‘archosaur’ is from the Greek 
words arkhi (‘chief or ‘leading’) and saura 
(‘lizard’). 

arctic air Very cold ‘air mass, generally 
formed north of the Arctic Circle. As air from 
this source moves southwards, it cools the re¬ 
gions in which it arrives; but being itself heated 
in the process it becomes convectively unstable. 
Polar ‘lows sometimes form and the accompa¬ 
nying wintry precipitation is often heavy, 
arctic bottom water (ABW) Cold, dense 
water that sinks, to a maximum depth of 
about 6 000 m, from the subpolar ‘gyre in the 
Greenland and Norwegian Seas, fills the 

mittent southward flow through narrow 
channels in the ridge between Scotland, Ice¬ 
land, and Greenland. 

arctic front Frontal boundary between 
cold, arctic air and warmer ‘air masses, usu¬ 
ally lying to the south of it. Many depressions 
originate on it. In north-western Canada in 
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avulsion 


occurs with *torbernite in the oxidized zone 
of mineral veins. 

auxiliary reference section See hypo- 

STRATOTYPE. 

available nutrients Any elements or com¬ 
pounds in the soil solution that can be ab¬ 
sorbed readily into plant roots and that 
function as nutrients to growing plants. The 
available amount is usually much less than 
the total amount of that plant nutrient in 

available relief The part of a landscape 
that is higher than the floors of the main val¬ 
leys. It is therefore available for destruction 
by the agents of *erosion, controlled by the 
local base level. It is measured by the vertical 
distance between hilltops and valley floors, 
available water In soil, the water that 
can be absorbed readily by plant roots. It is 
usually taken to be water held in the soil 
under a pressure of 0.3 to about 15 bars, 
avalanche See mass-wasting. 
avalanche wind A blast of often very de¬ 
structive air ahead of a descending avalanche. 


*Archaeopteryx lithographica is still the best- 
known ‘Mesozoic bird, but others have been 
described since the 1980s: *Nogueromis, from 
the lowermost ‘Cretaceous of Spain; the 
slightly later and more advanced Concomis and 
*1 beromesomis, known by complete skeletons, 
also from Spain; and, also early Cretaceous, 
Sinomis and Cathayomis from China. There 
were also some curious, specialized. Late Cre¬ 
taceous birds, such as the flightless Mmmylcus 
from Central Asia, in which the forelimbs 
were reduced to stubby claws, and Hesperomis, 
a diving form. All these early birds had teeth 
and long, bony tails. Birds arose from within 
the theropod dinosaurs (‘Theropoda) and so 
should properly be classified as a subgroup of 
them; those closest were the Dromaeosauri- 
dae (the family which includes the famous Ve- 
lociraptor of Jurassic Park). 

Avicenna (Abu AM al-Husayn Ibn Abdallal 
Ibn Sina) (980-1037) Avicenna was an Arab 
physician and philosopher. His ‘geological’ 
ideas were published in Liber De Mineralibus, 
which was attributed to Aristotle, and 
influential up to about 1500. He wrote about 
earthquakes, erosion of valleys, the deposi- 


Avalonian orogeny An episode of moun¬ 
tain building, named after the Avalon Penin¬ 
sula of Newfoundland, that occurred about 
650-500 Ma ago (‘Cambrian to ‘Ordovician) 
as a result of rifting ( see ript) and ‘volcanicity 
associated with the opening of the Atlantic. 
Its rocks are found intermittently from Geor¬ 
gia to Newfoundland. See Appalachian oro- 


average In statistics, a summary of the 
data using a single value. The data may be 
summarized by the ‘mean, ‘median, or 
‘mode values. See also variance. 
average velocity (time-averaged velo¬ 
city, v ~) The ratio of a given depth divided by 
the travel time to that depth, usually assum¬ 
ing straight ray paths and parallel layering. 
Thus v" = zjt n , where z n is the depth of the top 
n layers and t n the single-travel time through 
those n layers. Also, v" = SzJSt, where z l and t, 
are the thickness of and single-travel time 
through the ith layer respectively, and £ is 
the total thickness and total travel time re¬ 
spectively of the overlying layers. 

Aves (birds) (subphylum ‘Vertebrata, super¬ 
class ‘Gnathostomata) The class that com¬ 
prises all the birds. The late ‘Jurassic 


Avogadro constant (Avogadro number) 

The number of molecules, atoms, or ‘ions in 
one ‘mole of a substance: 6.02252 X 10 23 per 
mole. It is derived from the number of atoms 
of the pure isotope “C in 12 grams of that sub¬ 
stance and is the reciprocal of atomic mass in 

avulsion Lateral displacement of a stream 
from its main channel into a new course 
across its ‘floodplain. Normally it is a result 
of the instability caused by ‘channel ‘aggra¬ 
dation. The avulsion of a stream into an 
adjacent valley may explain some cases of 
apparent ‘river capture. 
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the microscope tube. The lens was first used 
in 1878 by E. Bertrand who adapted an origi¬ 
nal (1844) design by G. B. Amici, 
beryl ‘Accessorymineral, Be^jSijOuji sp. gr. 
2.6-2.8; ‘hardness 7.5-8.0; ‘hexagonal; nor¬ 
mally green, sometimes blue, yellow, or pink, 
and translucent to transparent; ‘vitreous 
‘lustre; ‘crystals hexagonal ‘prisms, often 
striated, also occurs ‘massive; ‘cleavage per¬ 
fect basal {001}; occurs extensively in cavities 
in ‘granites, ‘pegmatites, ‘mica ‘schists and 
‘gneisses, and associated with ‘rutile. It is an 
‘ore mineral for beryllium. Transparent 
green varieties are emeralds, bluish-green are 
aquamarine, and pink are morganite. 
beta decay Some unstable atoms decay by 
emitting a negatively charged beta particle 
(negatron) from the ‘nucleus, often accom¬ 
panied by the emission of radiant energy 
(‘gamma rays). Beta decay may be regarded as 
the alteration of a neutron into a proton and 
an ‘electron. As a result of beta decay the 
‘atomic number of the atom is increased by 
one, while the neutron number is decreased 
by one. 

beta diagram A stereographic diagram 
which represents the ‘trend and ‘plunge of 
the line produced by the intersection of two 
planes. In its application in structural geol¬ 
ogy, the ‘dip and ‘strike of a ‘fold surface are 
recorded as a ‘great circle, and two great cir¬ 
cles representing both limbs of a fold inter¬ 
sect along a line called a p-axis (in this case 
the fold axis). 

beta-mesohaline water See haiinity. 
bevelled cliff A sea cliff whose upper part 
has been trimmed to a relatively low angle 
by ‘Quaternary ‘periglacial processes, while 
the lower part is still steep as a result of recent 
marine activity. Such cliffs are common in 
south-west England. See coastal processes. 
Bianca (Uranus VIII) One of the lesser satel¬ 
lites of‘Uranus, with a diameter of 22km. It 
was discovered in 1986. 
biaxial interference figure See inter¬ 
ference FIGURE. 

Bibymalagasia An order of mammals de¬ 
scribed in 1994 by R. D. E. MacPhee, based on 
the enigmatic genus ( see enigmatic taxon) 
*Plesiorycteropus, known from sub-Recent fos¬ 
sil material from Madagascar. The order is 
distinguished by having large, perforating, 


transarcual canals in the neural arches of 
the lumbar, posterior thoracic, and anterior 
sacral vertebrae (see vertebra); a posteriome- 
dial process on the ‘astragalus, with a ven¬ 
tral groove for flexor tendons; and large 
ischial expansions ( see ischium). Plesioryctero- 
pus was formerly assigned to the order Tubu- 
lidentata. 

biconical Applied to a gastropod (‘Gas¬ 
tropoda) shell where the shell is in the shape 
of two cones with the bases in contact. The 
axial whorls make one cone, the last-formed 
whorl or living chamber the other cone. 



Biconical 


BIF See banded iron formation. 
bifurcation In a phylogenetic (see phy¬ 
togeny) tree, the dichotomous forking of an 
ancestral ‘branch which indicates a specia- 

bifurcation ratio Dimensionless number 
denoting the ratio between the number of 
streams of one order (see stream order) and 
those of the next-higher order in a drainage 
network. It may be a useful measure of 
proneness to flooding: the higher the bifur¬ 
cation ratio, the greater the probability of 
flooding. 

big bang theory The current explanation 
for the origin of the universe, in which it ex¬ 
pands and evolves from an initial very high- 
temperature condition about 15-20 billion 
years ago. The expansion time is given from 
the reciprocal of the Hubble constant (the 
rate at which galaxies are receding). All all- 
pervasive background radiation of 3 K is con¬ 
sidered to be residual from the big bang and 
is the strongest supporting evidence for the 
theory. 



biochronology 



Bifurcation ratio 


bilateral symmetry The condition, found 
in many organisms, where one half of the 
body or structure is the mirror image of the 
other. Sometimes bilateral symmetry is su¬ 
perimposed on another kind of symmetry, 
e.g. in some echinoids (‘Echinoidea) where 
basic pentameral (five-sided) symmetry has a 
bilateral symmetry superimposed upon it. 
Bilateria The subkingdom that contains all 
animals (kingdom Animalia) possessing 
‘bilateral symmetry and three embryonic 
germ layers (the cells that will develop into 
the organs of the body). It is the largest 
animal subkingdom. Compare radiata. 

billow clouds Parallel rolls of cloud with 
distinct clear areas between the cloud bands, 
often associated with the cloud variety *un- 
dulatus. 

bilophodonty In some mammals, a condi¬ 
tion in which the four cusps on the molar 
teeth are joined by two transverse ridges. See 
also iophodont. 

bimodal distribution A distribution of 
data characterized by two distinct popula¬ 


tions. For example, a bimodal grain size will 
be characterized by two ‘particle size modes. 
Abimodal palaeocurrent distribution will ex¬ 
hibit two main current directions (not neces¬ 
sarily opposing directions, which would be 
termed a 'bipolar’ distribution), 
bin In a range of data broken into a series of 
equal intervals, a single interval, 
binary system 1. Chemical system of two 
components, e.g. MgO-SiO z . 2 . See star pair. 
bindstone An ‘autochthonous ‘carbonate 
rock, with original components organically 
bound during deposition. The organisms 
encrust and bind the finer ‘matrix ‘sedi¬ 
ment together, but the binding organisms 
need not necessarily be preserved, as in the 
case of‘stromatolites. See embry and clovan 

CLASSIFICATION. 

Bingham fluid A viscous fluid that pos¬ 
sesses a yield strength which must be ex¬ 
ceeded before the fluid will flow. Most ‘lava 
flows are examples of Bingham fluids. When 
an initial ‘shear stress is applied to a fluid 
lava (e.g. by increasing the slope angle) it will 
not begin to flow immediately. The slope 
angle, and therefore shear stress, must be in¬ 
creased until the yield strength of the fluid is 
exceeded, after which flow will occur. This 
contrasts with a Newtonian fluid, which has 
zero yield strength and will flow on any slope, 
binomial distribution In statistics, a dis¬ 
crete ‘probability distribution of the number 
of outcomes of a particular kind occurring 
for a set number of trials, where one of two 
outcomes is possible, each trial is indepen¬ 
dent, and the probability of a particular out¬ 
come is constant. 

bio-1 . From the Greek bios meaning ‘human 
life’, a prefix associating the word to which it is 
attached with living organisms or processes. 

2 . Prefix for ‘allochems composed of ‘bio- 
clastic material. See folk limestone 

CLASSIFICATION. 

biochemical oxygen demand See bio¬ 
logical OXYGEN DEMAND, 
biochron The length of time represented 
by a biostratigraphic ‘zone, 
biochronology Measurement of units of 
geologic time by means of biological events. 
Biochronologists often derive their corre¬ 
lations from widespread and distinctive 


























biostratinomy 


biolimiting elements A few elements (N, 
P, and Si) which are almost totally depleted in 
surface waters, relative to deep water, by bio¬ 
logical activity. As these elements are essen¬ 
tial to living organisms, the depletion limits 
further biological production until the scarce 
elements are replaced, e.g. by *upwelling. 
Compare biointermediate elements; and 

BIOUNLIMITING ELEMENTS, 
biolithite A "carbonate rock formed of or¬ 
ganisms that grew and remained in place, 
comprising a rigid framework of organisms, 
together with associated debris. A "reef rep¬ 
resents a typical biolithite. See folk lime¬ 
stone CLASSIFICATION, 
biological marker See biomarker. 
biological oxygen demand (BOD, bio¬ 
chemical oxygen demand) Indicator of the 
polluting capacity of an effluent, where pol¬ 
lution is caused by the take-up of dissolved 
oxygen by micro-organisms that decompose 
the organic material present in the effluent. 
It is measured as the weight (mg) of oxygen 
used by 1 litre of sample effluent stored in 
darkness at 20 °C for five days, 
biomagnetism The influence of the mag¬ 
netic field on living organisms, which is 
strong in some species. Certain Spirillum bac¬ 
teria orient themselves along the geomag¬ 
netic lines of force. Higher organisms, e.g. 
snails, bees, birds, porpoises, and possibly hu¬ 
mans, appear able to sense and utilize "geo¬ 
magnetic field directions for purposes of 
orientation. Strong magnetic fields may be 
detrimental to health in humans, but the ef¬ 
fects of medium strength fields have not been 
studied. Magnetic fields are also used for 
scanning biological organisms, 
biomarker (biological marker, chemical 
fossil) An organic compound derived from 
living organisms that occurs in trace 
amounts in "fossils and "sediments, 
biome See community. 
biomicrite A "limestone consisting of "bio¬ 
clasts set in a "micrite "matrix. It is the prod¬ 
uct of a poorly sorted accumulation of shell 
fragments and mud. See folic limestone 
CLASSIFICATION. 

biomineralization The incorporation of 
inorganic compounds, such as salts, into 
biological structures, often to lend them hard¬ 
ness or rigidity. Biomineralization first oc¬ 


curred in, and defines, the "Cambrian period 
about 590 million years ago, in "Brachiopoda, 
"Trilobita, "Ostracoda, and "Graptolithina. 
In vertebrates, "hydroxyapatite usually oc¬ 
curs, in invertebrates inorganic minerals 
are more varied: "calcite and "aragonite (a 
harder, less stable form of calcite) are com¬ 
mon, permeating chitin (see skeletal mater¬ 
ial) to form the hard "exoskeletons of 
"Arthropoda and also forming the calcareous 
material of shells; in "Radiolaria and some 
"Porifera, the skeleton is made of opaline sil¬ 
ica; Radiolarians occasionally have a stron¬ 
tium sulphate instead of siliceous skeleton, 
biophile Applied to those elements required 
by, or found in, living plants and animals, in¬ 
cluding C, H, 0, N, P, S, Cl, I, Br, Ca, Mg, K, Na, 
V, Fe, Mn, and Cu. Compare atmophile; chal- 
cophile; lithophlle; and siderophile. 
biosparite A "limestone consisting of "bio¬ 
clasts together with a sparry "calcite "cement 
("sparite). It is the product of an accumula¬ 
tion of clean-washed, mud-free shell debris, 
with diagenetic cement growth (see diagene¬ 
sis) in "pore spaces. See folk limestone 
classification. 

biosphere The part of the Earth’s envi- 

found, and with which they interact to pro¬ 
duce a steady-state system, effectively a whole- 
planet "ecosystem. Sometimes it is termed 
‘ecosphere’ to emphasize the interconnection 
of the "biotic and "abiotic components, 
biostratigraphic interval zone See in- 

biostratigraphic unit A unit of "strata 
characterized by a particular content of "fos¬ 
sils; these were deposited at the same time 
as the "sediments and distinguish the unit 
from adjacent strata. A biostratigraphic unit 
may be of "chronostratigraphic or environ¬ 
mental significance, 
biostratigraphic zone See zone. 
biostratigraphy Branch of stratigraphy 
that involves the use of "fossil plants and ani¬ 
mals in the dating and correlation of the 
stratigraphic sequences of rock in which they 
are discovered. A "zone is the fundamental 
division recognized by biostratigraphers. 
biostratinomy The study of the sedimen- 
tological processes by which a "fossil assem¬ 
blage is formed. This includes the transport, 






































blue-green algae 


blind pores See effective porosity (2). 
blind zone A layer of rock that cannot be 
detected by ‘seismic refraction methods, 
usually because it has a seismic velocity 
lower than that of the overlying layer(s). 
blizzard A storm of blowing snow with 
high winds and low temperatures. Blizzards 
are a notable climatic feature of the north¬ 
ern and central parts of the USA in winter, 
and are related to depression tracks. In the 
USA, a blizzard is defined by the National 
Oceanic and Atmospheric Administration 
(NOAA) as a storm with winds of at least 
56 km/h, temperatures below -6.7 °C, and 
enough falling or blowing snow to reduce 
visibility to less than 0.4 km. In a severe bliz¬ 
zard, wind speed is at least 72.5 km/h, tem¬ 
peratures below -12.2 °C, and visibility is 

block-and-ash deposit The deposit 
formed by a *nuee ardente. 

blockfield (felsenmeer) Spread of coarse, 
angular, frost-shattered rock debris resting 
on a level or gently sloping upland surface, 
and found in present or former periglacial 
environments. See also frost wedging. 
block glide The sliding movement of a large 
block of rock over a surface that has been lu¬ 
bricated. Alternatively, the block may be car¬ 
ried downslope by the ‘plastic deformation 
of underlying material, 
blocking In synoptic meteorology, the es¬ 
tablishment in the mid-latitudes of a high- 
pressure system that interrupts or diverts for 
a considerable period the typically eastward 
movement of ‘depressions and other synop¬ 
tic features in the zonal flow. Over western 
Europe, for example, blocking often forces 
depressions to move northward toward Scan¬ 
dinavia or southward over southern France 
and Spain. 

blocking anticyclone See blocking high. 
blocking high (blocking anticyclone) In 

synoptic meteorology, an ‘anticyclone with 
deep circulation so placed as to interrupt or 
divert the eastward movement of the typical 
succession of low-pressure features (‘depres¬ 
sions) in the zonal flow of mid-latitudes. 
At such times the usual mid-latitude zonal 
flow is diverted into more meridional flow 
around the high-pressure area, where settled 
weather can then result. See also air mass. 


blocking temperature (r B ) The tem¬ 
perature at which a * thermal remanent mag¬ 
netization becomes locked in a rock for 
geologic times. 

blocking volume (l/„) The grain volume at 
which a ‘chemical remanent magnetization 
becomes locked in a rock for geologic times, 
block volume The natural size of a block of 
rock bounded by *j oint (or other discontinuity) 
planes. Blocks are defined by their length 
of side as: very large (more than 2 m); large 
(600 mm-2 m); medium (200-600 mm); small 
(60-200 mm); and very small (less than 60 mm), 
blocky lava A surface flow of hot, molten 
‘lava covered in a carapace of crystalline, an¬ 
gular blocks which tend to be smoothly 
faceted and may have dimensions up to sev¬ 
eral metres. The blocks, which have the same 
composition as the flow interior, are formed 
by fragmentation of the chilled flow surface 
as lava continues to move within the flow in¬ 
terior. Blocky lava morphology is usually 
confined to lavas of high ‘viscosity and inter¬ 
mediate to high ‘silica contents, 
bloedite A non-marine ‘evaporite mineral, 
Na 2 S0„.MgS0 4 .4H 2 0. 

blood rain Phenomenon of reddish coloured 
rainfall, caused by dust particles that have 
been lifted up from arid areas and carried long 
distances by the winds before they are washed 
out in precipitation. Saharan red dust some¬ 
times occurs in rainfall over parts of Europe, 
even as far north as Finland, 
blow-hole See coastal processes. 
blow-out Wind-eroded section of a sand 
‘dune that has been largely stabilized by veg¬ 
etation. ‘Erosion results from a break in the 
vegetation cover, due typically to overgrazing 
or to recreational pressure. A parabolic dune 
may result. 

blue A quarrymen’s term, applied to stone 
and meaning ‘hard’. 

blueberries Small mineral spheres ob¬ 
served in 2004 by the Mars Exploration Rover 
Opportunity. Despite their nickname, the 
spherules are grey rather than blue in colour, 
and are only a few millimetres across. The 
rover’s Mossbauer spectrometer (see MOSS- 
bauer spectrometry) revealed that the blue¬ 
berries are rich in ‘hematite, 
blue-green algae See cyanobacteria. 









































boundary current 


perforate plates and five columns of single im¬ 
perforate plates. Traditionally they were re¬ 
garded as the ancestral stock of all echinoids, 
but this is now considered unlikely. There are 
only three genera, Bothriocidaris (the earliest 
echinoid), Neobothriocidaris, and Unibothriod- 
daris, ranging in age from Middle ‘Ordovician 

botryoidal In mineralogy, describes the 
form or shape of a ‘mineral that occurs as 
spheroidal aggregations, often as a result of 
concentric growth patterns during its forma- 

bottleneck A severe reduction in popula¬ 
tion size, often leading to a ‘founder effect. 
Bottleneck events are commonly followed by 
rapid population expansion in which the rate 
of loss of new lineages is greatly reduced, giv¬ 
ing rise to ‘star phylogenies. 
bottomset beds 1 . The part of a cross- 
bedded set of ‘sediments that forms at the 
base of the downcurrent or lee-side of a 
‘dune- or ‘ripple-form structure. 

2 . Offshore clays formed at the base of a pro¬ 
grading deltaic sequence. See also delta; and 
PROGRADATION. 

bottom water The water mass that lies at 
the deepest part of the water column in the 
ocean. It is relatively dense and cold, e.g. the 
North Atlantic bottom water has a tempera¬ 
ture of 1-2 “C. Bottom-water circulation is 
slow-moving, is greatly influenced by sea-bed 
topography, and is driven by differences in 
water density (‘thermohaline circulation), 
boudin See boudinage. 
boudinage Minor structural feature in 
which ‘competent ‘strata resemble a series of 
sausages ('boudins’) that form by the stretch¬ 
ing of the competent units which, unlike 
‘incompetent ones, cannot deform plasti¬ 
cally. Initially, local thickening and thinning 
occurs (‘pinch-and-swelT structures); as defor¬ 
mation proceeds, complete separation be¬ 
tween boudins may take place. 

Bouguer, Pierre (1698-1758) A French 
mathematician, Bouguer was a member of an 
expedition to Ecuador, sent to study the shape 
of the Earth. He made gravity measurements 
in the Andes, showing how the pull of gravity 
diminishes with altitude, and has given his 
name to corrections used in calculating gravi¬ 
tational anomalies. See also bouguer anomaly; 
bouguer correction; and gravity anomaly. 


Bouguer anomaly The gravitational at¬ 
traction remaining after correcting the mea¬ 
sured vertical component of ‘gravitational 
acceleration at a point for: (a) the theoretical 
gravity at that point, usually using the ‘In¬ 
ternational Gravity Reference Field; ( b ) the 
‘free-air correction; (c) the ‘Bouguer correc¬ 
tion; and (d) the ‘topographic elevation cor¬ 
rection, usually correcting to sea level. This 
anomaly is the fundamental gravity anom¬ 
aly, reflecting all variations in density away 
from that expected for a homogeneous Earth. 
Bouguer correction The correction ap¬ 
plied to a measurement of ‘gravitational ac¬ 
celeration, which allows for the attraction of 
rock between the observing station and some 
reference height, usually sea level. The cor¬ 
rection is 0.4185 ph, where p is the ‘density of 
the rock in kg/m 3 and h is the difference in 
height between the two points in metres. 
Bouguer gravity map A map of the gravi¬ 
tational field over an area after correction 
for theoretical gravity, *free-air, solid rock 
(‘Bouguer correction), and topography; i.e. a 
map showing ‘Bouguer gravity anomalies, 
boulder See particle size. 
boulder clay Glacial deposit consisting of 
boulders of varying size in a clay-dominated 
matrix, and laid down beneath a valley glac¬ 
ier or ice sheet. Typically it is unstratified and 
unsorted, and characterized by rock types de¬ 
rived from the country crossed by the de¬ 
positing glacier. See also till. 

Bouma sequence Idealized sequence of 
sedimentary structures observed in ‘turbidity- 
current deposits. It is named after the 
geologist, Arnold H. Bouma, who first empha¬ 
sized its generality (Sedimentology of Some Fly- 
sch Deposits, Elsevier, Amsterdam, 1962). The 
lowest unit, A, a ‘massive or ‘graded ‘sand, is 
overlain progressively by the B (lower division 
of parallel ‘lamination), C (ripple or convolute 
laminations), D (upper division of plane paral¬ 
lel laminations), and E (‘pelagic shale) units. 
Examples showing the entire sequence are 
not common. The sequence can be interpreted 
in terms of deposition under waning current 
conditions. 

boundary current Northward- or south- 
ward-directed ocean-water current which 
flows parallel and close to a continental 
margin. Such currents are caused by the 
deflection of eastward- and westward-flowing 



boundary layer 


currents by the continental land masses. 
Boundary currents on the western margins of 
ocean basins, such as the *Gulf Stream and 
the *Kuroshio current, are deep, narrow, fast- 
moving currents; while currents along the 
eastern boundaries, such as the ‘Canaries 
current and the ‘California current, tend to 
be relatively shallow, broad, diffuse, and 
slow-moving. 

boundary layer 1 . At the interface be¬ 
tween a solid surface and a fluid, a thin fluid 
layer that is static because of friction between 
molecules of the fluid and the solid. 

2 . General term used to describe the atmos¬ 
pheric layer up to about 500 m above the 
ground surface, where the air flow is largely 
conditioned by the frictional effects of the 
surface. Mean velocities in the boundary 
layer are typically less than the free-stream 
values. See also planetary boundary layer. 
boundary-stratotype A specified rock 
section (see stratotype) within which the 
time-line (‘golden spike’, boundary zonal) oc¬ 
curs that marks the standard demarcation 
between ‘chronostratigraphic units. In prac¬ 
tice such time-lines are usually based on ei¬ 
ther the appearance or the disappearance of 
a key ‘species (see index fossil) or other 
‘taxon. Associated ‘faunas and ‘sediments 
may transgress zonal boundaries. The term 
‘boundary stratotype’ has also been used in 
the sense of the time-line itself, 
boundary wave A seismic wave which 
travels along a boundary between two media 
of contrasting properties, rather than propa¬ 
gating through the bodies of the media ( com¬ 
pare body wave). Where the boundary is a free 
surface (e.g. ground-air, sea bed-sea water) 
these waves are called ‘surface waves and 
give rise to ‘ground roll and ‘mud roll re¬ 
spectively. Boundary waves are of two types: 
‘Love waves and ‘Rayleigh waves, 
boundary zonal See boundary stratotype. 
boundstone A general term for ‘autochtho¬ 
nous ‘carbonate deposits in which the sedi¬ 
ments are bound during deposition by 
organisms such as corals (‘Anthozoa) or ‘algae. 
Boundstones are further subdivided into 
‘bafflestone, ‘bindstone, and ‘framestone. See 
also EMBRY AND CLOVAN CLASSIFICATION. 

bournonite ‘Sulphide mineral, CuPbSbS 3 ; 
sp. gr. 6; ‘hardness 3; grey; ‘sub-metallic 
‘lustre; ‘massive or rarely as cogwheel ‘ag¬ 


gregates; occurs in ‘hydrothermal veins asso¬ 
ciated with copper and lead mineralization. 

bow-and-arrow rule A rule stating that 

ment of a ‘thrust is given by a line drawn at 
right angles to the ‘chord joining the ends of 
the curving ‘fault trace. The fault trace is 
approximately the shape of a bow, the chord 
joining its ends resembles the bowstring, and 
the line at right angles to the chord resem¬ 
bles the arrow. 

Bowen, Norman Levi (1887-1956)ACana- 
dian geochemist and experimental petrolo- 
gist at the Carnegie Institution, Washington, 
DC, Bowen’s classic work was on the chem¬ 
istry of ‘igneous rocks, published in The Evo¬ 
lution of the Igneous Rocks (1928). Later (1940) 
he turned to the study of ‘metamorphism 
in ‘limestones and ‘dolomites. See bowen’s 

REACTION PRINCIPLE. 

Bowen's ratio The ratio of sensible heat to 
latent heat transport from the ground to the 
atmosphere, which is generally calculated 
from the ratio of the vertical gradients of 
vapour pressure and temperature. It is used 
in the assessment of evaporation. 

Bowen's reaction principle A concept, 
first propounded in 1928 by Norman ‘Bowen, 
which explains how ‘minerals can respond to 
the changing equilibrium conditions when 
a ‘magma is cooled, by either a continuous, 
diffusion-controlled exchange of elements 
with the magma or discontinuous melting of 
the mineral. In a ‘continuous exchange or 
reaction, ‘solid-solution minerals such as 
‘feldspar adjust their composition during 
cooling by a continuous diffusion of elements 
between magma and mineral, whilst in a ‘dis¬ 
continuous reaction, minerals such as ‘olivine 
undergo melting at a specific temperature dur¬ 
ing cooling (the peritectic point) at the same 
time as a new mineral in equilibrium with the 
magma begins to crystallize (in this case ‘py¬ 
roxene). Bowen suggested a series of these reac¬ 
tions that might take place during the cooling 
of a ‘tholeiitic basalt magma, the so-called 
Bowen’s reaction series, but pointed out that 
the series was a simplification of very complex 
reactions and could be misleading if taken at 
face value. The specific reaction series for 
tholeiitic magmas was never intended to be¬ 
come a general reaction series for all magmas. 
Bowen's reaction series See bowen’s re¬ 
action PRINCIPLE. 
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smaller amounts than the original uranium, 
hence the term burner reactor. Compare fast 
BREEDER REACTOR. 

Burnet, Thomas (16357-1715) A natural 
philosopher whose Sacred Theory of the Earth 
(1680,1689) was an early diluvialist work. He 
tried to correlate the seven days of creation 
with Earth history, describing the Earth as a 
giant shell from which flood waters gushed 
when it was broken by God in the Deluge. The 
broken fragments of the crust formed moun¬ 
tains. See DiLtrvtALisM. 

burrow A ‘trace fossil formed by an animal 
during feeding, migration, or in the creation 
of a resting place. Burrows are formed in soft 
‘sediments and may occur on the surface or 
be the result of subsurface activities. 

'burst of monsoon' Applied to the onset 
of a marked change in weather conditions in 
the Indian subcontinent and south-east Asia, 
associated with the arrival of humid south¬ 
westerly winds which displace the hot, dry, 
pre-monsoon regime. The changed surface- 
level wind pattern is related to the establish¬ 
ment of a high-level easterly ‘jet stream. 
Burzyan A ‘system of the Middle ‘Protero¬ 
zoic, extending from about 1400 Ma to about 
1375Ma ago (Int. Commission on Stratigra¬ 
phy, 2004), of western Russian origin, 
butte Small, isolated, flat-topped hill result¬ 
ing from the erosion of near-horizontal 
strata. The diameter of the ‘cap rock is less 
than the height of the land-form above the 
surrounding country. Buttes are commonly 
found in semi-arid regions dominated by 
‘duricrust horizons. See also mesa. 



Butte 


Buys Ballot's law Law, enunciated by Pro¬ 
fessor Buys Ballot (1817-90) of Utrecht in 
1857, that in the northern hemisphere the 
winds blow anticlockwise around centres of 
low pressure and clockwise around centres of 
high pressure. In the southern hemisphere 
both these tendencies are reversed, 
by-product In mining, subsidiary material 
worked from ‘ore deposits in which other 
materials are dominant. In some cases the 
revenue from the by-products can exceed 
that from the major type, e.g. gold from ‘por¬ 
phyry copper deposits. Compare co-product. 
byssate Applied to the condition found in 
some bivalves of being attached to the sub¬ 
strate or to objects by strands of byssus (usu¬ 
ally tough, horny threads), 
byssus See byssate. 

by te A group of 8 ‘bits of digital data in binary 
form. Abyte can represent values of0-225. 
bytownite See plagioclase feldspar. 
b-zone A biostratigraphic ‘zone distin¬ 
guished by ‘benthonic ‘fossils, e.g *bra- 
chiopods and ‘trilobites. The term was 
proposed byT. G. Miller in 1965. Compare p-zone. 






























Caledonian orogeny 


rim of the depression well beyond the struc¬ 
tural rim. Later injection of magma into the 
chamber can cause doming of the caldera 
floor to create a resurgent caldera. Tobu 
caldera, Sumatra, almost 100 km in longest 
dimension, is the largest terrestrial caldera. 
Caledonian orogeny Major mountain¬ 
building episode which took place during 
the Lower ‘Palaeozoic Era. The orogeny af¬ 
fected Greenland, Ireland, Scotland, and 
Scandinavia, and was associated with the clo¬ 
sure of the ‘Iapetus Ocean between the old 
continents of ‘Laurentia, ‘Gondwana, and 
‘Baltica. 

calibration graph A plot of the line intensi¬ 
ties (relative to the ‘internal standard) of a set 
of samples with known intensities, used in the 
calculation of the concentration of elements 
(e.g. in emission spectrometry) from the line 
intensity of the sample being examined, 
caliche (calcrete) ‘Carbonate ‘horizon (the 
K horizon) formed in a soil in a semi-arid re¬ 
gion, under conditions of sparse rainfall 
(20-60 mm/yr) and a mean annual tempera¬ 
ture of about 18 °C, normally by the precipita¬ 
tion of calcium carbonate carried in solution. 
The ‘soil profile develops over several thou¬ 
sand years, initially in the form of nodules 
(glaebules), more mature caliches taking a 
massive, laminar form. It may become ‘ce¬ 
mented and ‘indurated on exposure, when it 
gives rise to a tabular landscape. See also cal¬ 
cic; duricrust; duripan; and petrocalcic. 
calichnia A type of ‘trace fossil of a struc¬ 
ture that was made for breeding purposes. 
California bearing ratio (CBR) 1. 
Strength tests of‘subgrades and construction 
material; also used in the design of flexible 
‘pavements to meet specifications. 

2 . Measure of soil resistance to penetration 
under controlled conditions. See penetration 


California current Southward-flowing, 
eastern ‘boundary current carrying cool 
water from the North Pacific current to join 
the North ‘Equatorial current. This slow- 
moving, diffuse water mass flows down the 
west coast of N. America, 
caliper log The record produced by a 
spring-loaded caliper that continually ad¬ 
justs itself to the size of a ‘borehole as it is 


Callisto (Jupiter IV) The 

‘Galilean satellites, with 
the body is believed not to 
into a core and mantle, cor 
of a mixture of rock and ii 
darkest of the Galileans (a 
twice as bright as that of t 
listo is the most heavily ci 
solar system. There is belie 
complete absence of geolog 

and shows no sign of any ex 
The surface is of dirty ice an 
mountains. Surface craters 
low; the largest structures a 
patch about 600 X 3 000 lor 
about 1600 km across. Tb 
ture is about-45 °C. Callist 
7 January 1610 by Galileo. I 

surface gravity 0.127 (Earl 
tance from Jupiter 1.883 
distance from Sun 5.203. 
16.68902 days; rotational pi 
Callovian A ‘stage in th 
‘Jurassic dated at 164.7-16: 
sion on Stratigraphy, 2004). 
calm Condition of genera 
cated by a wind speed o; 
(0.5 m/s). See also beaueort 
calving Process whereby 
ier’s leading edge break ofl 
adj acent body of water, 
calvus From the Latin cal 
or ‘stripped’; a species o 
cloud in which upper p 
more amorphous mass t 
the cumuliform outline 
CLASSIFICATION, 
calyce The skeletal surfai 
life was in contact with thi 
the polyp. It can be quite 
and dimensions, but is co 
cup-shaped. 

Calymmian A period o 
eon that began 1600 Ma a; 
Ma ago. Its limits are set by 
lymmian followed the * 
and was succeeded by the 
Calypso (Saturn XIV) On 
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Camerata 


Calyptoptomatida (phylum ‘Mollusca) 
Extinct ‘Palaeozoic class of marine mol¬ 
luscs, with ‘bilateral symmetry, in which 
the shell shape is variable: most are subtri- 
gonal in cross-section. The walls are gener¬ 
ally thick, and composed of laminated 
calcium carbonate. The apertural end is the 
widest; the narrowest is the closed apex, 
which may be pointed or blunt. The juvenile 
portion is chambered with ‘imperforate 
‘septa. Externally the shells are smooth, or 
ornamented with growth lines and/or longi¬ 
tudinal and transverse ridges. The ‘aperture 
is usually protected by an ‘operculum pos¬ 
sessing paired muscle scars. Individuals are 
1-150 mm long. The class ranges in age from 
Lower ‘Cambrian to Middle ‘Permian, and 
contains two orders. 

calyx 1 . Cup-shaped, plated body of *pel- 
matozoan ‘echinoderms. The calyx is made 
up of several rows of plates. If there is no 
stem, a centrodorsal plate is succeeded by a 
ring of five basal plates and then by a further 
ring of radial plates above them. Above these 
two rows of plates come the plates making 
up the arms. Where these two rows of plates 
are present the calyx is said to be ‘mono- 
cyclic’. In some species a third row of plates, 
the infrabasals, is present beneath the basals 
and the calyx is then said to be ‘dicyclic’. In 
some cases radial plates maybe compounded 
(i.e. split transversely into two plates) and 
then, depending on their position in the 
calyx, they may be known as ‘infraradial’ or 
‘supraradial plates’. 2 . Bowl-shaped depres¬ 
sion at the top of a calcareous coral skeleton, 
usually formed by the upper edges of the 

calyx drilling Method of‘core drilling per¬ 
formed by the rotation of a steel cylinder and 
cutting with chilled shot, about 2.4mm di¬ 
ameter, which cuts a formation core. Circu¬ 
lating water carries the cuttings up to a 
basket-like space at the top of the ‘core bar¬ 
rel. The core is wedged into the barrel and 
pulled up one barrel-length at a time. Shafts 
up to 2 m diameter can be drilled, and holes 
to a depth of more than 300 m. 
camara See camera. 
camaral See camera. 

cambering Consistent ‘dip of strata to¬ 
wards local valley floors, in conflict with the 
general regional dip. It is well displayed in 
the English Midlands, where ‘ironstone beds 


above clays are cambered down as much as 
30 m below their original level. It is probably 
due to large-scale structural disturbance 
when ‘permafrost thawed and when the 
plastic clays allowed overlying massive beds 
to flow towards valleys, 
cambic horizon Weakly developed mineral 
‘soil horizon of the middle part (B horizon) 
of ‘soil profiles, and one that has few dis¬ 
tinguishing morphological characteristics 
except for evidence of‘weathering and some¬ 
times of gleying. It is found in ‘brown earths 
and ‘gleys. 

Cambisols A reference soil group in 
the soil classification scheme used by the 
*FAO. Cambisols have a ‘cambic horizon or 
‘mollic horizon above a subsoil with a ‘base 
saturation lower than 50% in the uppermost 
100 cm, or an ‘andic horizon, ‘vertic 
horizon, or ‘vitric horizon commencing 
25-100 cm below the surface. 

Cambrian The first of six periods of the 
‘Palaeozoic Era, which began about 542 Ma 
ago and ended about 488.3 Ma ago. Sedi¬ 
ments deposited during the period include 
the first organisms with mineralized skele¬ 
tons. Common fossils include ‘brachiopods, 
‘trilobites, ‘ostracods, and, late in the pe¬ 
riod, ‘graptolites. Trilobites are important in 
the stratigraphic subdivision of the period, 
camera (camara; adj. cameral or camaral) 
One of the chambers within a chambered 
mollusc, e.g. a nautiloid (‘Nautiloidea) or 
ammonoid (‘Ammonoidea). In living cep- 
halopods (‘Cephalopoda), e.g. Nautilus, the 
chambers contain gas at pressures ranging 
from about 0.3 to latm (30-100 kPa). Some 
of the chambers may contain ‘cameral fluid’ 
which can be extracted by the ‘siphuncle, 
allowing the animal to adjust its density 
according to the depth at which it is living, 
cameral See camera. 
cameral fluid See camera. 

Camerata (class Crinoidea) Subclass of 
echinoderms (‘Echinodermata), with thecal 
plates typically united by rigid structures 
composed of numerous small, polygonal 
plates, and some lower brachial plates, all the 
plates firmly sutured together. The ‘tegmen 
is plated, some of the plates roofing over the 
mouth and ‘ambulacral grooves. The Camer¬ 
ata are known from the Lower * Ordovician to 
Upper ‘Permian. 
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CAT 


CAT See CLEAR-AIR TURBULENCE, 
catadasis See cataclasite. 
catadasite Rock that has been deformed by 
the process of shearing and ‘granulation 
(cataclasis). Cataclasites are the products of 
dislocation *metamorphism and ‘tecton- 
ism. See also mylonite. 

catagenesis Following ‘diagenesis, in 
which sedimentary material is compressed 
and undergoes chemical changes, a phase in 
the formation of *petroleum and ‘natural 
gas during which continuing sedimentation 
and subsidence produce temperatures of 
50-150 ° C and ‘kerogen is produced. Compare 
METAGENESIS. 

catarrhine In primates, applied to nostrils 
that are close together and open downwards. 
Old World monkeys, apes, and humans have 
catarrhine nostrils. 

catastrophic evolution (catastrophic 

speciation) Theory proposing that environ¬ 
mental stress can lead to the sudden re¬ 
arrangement of chromosomes, which in 
self-fertilizing organisms may then give rise 
sympatrically to a new species (see sympatric 
evolution). Recent research suggests that at 
best this explanation applies only to some 

catastrophism Theory that associates past 
geologic change with sudden, catastrophic 
happenings. Early geologists, including ‘Cu¬ 
vier, ‘Buckland, and ‘Sedgwick, claimed 
that catastrophism was a sound scientific 
theory. Although it met with considerable 
scorn in more recent times, many modern ge¬ 
ologists would describe themselves as ‘neo- 
catastrophists’. 

catchment The area from which a surface 
watercourse or a ‘groundwater system de¬ 
rives its water. Catchments are separated by 
‘divides. A surface catchment area may over- 
lie an ‘aquifer system, but may be uncon¬ 
nected with the aquifer rock itself if there are 
intervening impermeable ‘aquicludes. In US 
usage, a catchment is often termed a 'water¬ 
shed'. 

catena Topographic sequence of soils, of the 
same age and usually on the same parent ma¬ 
terial, that is repeated across larger land¬ 
scape transects. Individual ‘soil-profile types 
are related to site conditions and to position 
on a slope. The term was introduced in E. 


Africa in the 1930s, and is mainly applicable 
in certain non-glaciated landscapes, particu¬ 
larly those with small, hilly relief, e.g. ‘loess 

cateniform Applied to the form of the 
‘corallum which occurs in the tabulate 
corals (‘Tabulata). The ‘corallites are elon¬ 
gated and joined side by side to make fence¬ 
like structures. In end section they resemble 
chain links, hence the name (from the Latin 
catena meaning ‘chain’). See compound 

cathode See cation. 

cathodoluminescence The luminescence 
induced by the bombardment of ‘minerals 
in polished ‘thin section with electrons. The 
technique is particularly useful in the 
identification of mineral ‘cements and over¬ 
growths produced in successive episodes, or 
for distinguishing between particles and *au- 
thigenic overgrowths. The particles and each 
separate generation of cement will be of 
slightly different chemical composition, and 
so will luminesce with slightly different 
colours. See quartz overgrowth. 
cation A positive ‘ion, i.e. an atom, or com¬ 
plex of atoms, that has lost one or more elec¬ 
trons and is left with an overall positive 
electric charge, e.g. Na + , Mg 2+ , NH 4 + . The 
name is derived from the fact that when an 
electric current is passed through a conduct¬ 
ing solution the positive ions present in the 
solution move towards the cathode (the nega¬ 
tive electrode). Compare anion. 
cation exchange Process in which cations 
in solution are exchanged with cations held 
on the exchange sites of mineral and organic 
matter, particularly on the surfaces of ‘col¬ 
loids of‘clay and ‘humus, 
cation-exchange capacity (CEC) The 
total amount of exchangeable ‘cations that a 
particular material or soil can adsorb at a 
given ‘pH. Exchangeable cations are held 
mainly on the surface of ‘colloids of ‘clay 
and ‘humus, and are measured in milligram- 
equivalents per lOOg of material or soil, 
cation ordering The phenomenon, the ex¬ 
tent of which is temperature dependent, in 
which a ‘cation shows preference for the site 
it occupies because it provides greater chemi¬ 
cal stability. 

cat's eye See riebeckite. 



















cementation 


concrete. 2 . Material, e.g. *calcite, that fills 
open *pore space in fragmental and organic 
•sediments. 

cementation Process by which •sedimen¬ 
tary rock particles or fragments are cemented 
together after deposition. Cementing materi¬ 
als are deposited from the mineral-rich waters 
that percolate through the open *pore space 
of the rock. The percentage of cement de¬ 
pends on the amount of pore space and on the 
mud content within a given rock, 
cemented Applied to massive, infilled, and 
•indurated mineral soil: such soil has a hard 
and often brittle consistency because soil par¬ 
ticles are joined together by cementing sub¬ 
stances, e.g. calcium carbonate, silica, iron 
and aluminium oxide, or *humus. Cemented 
soil usually appears as a highly distinctive 
and resistant horizon. Compare cement; and 
CEMENTATION. 

Cenomanian 1 . A Late ‘Cretaceous *age, 
preceded by the *Albian, followed by the 
•Turanian, and dated at 99.6-93.5 Ma (Int. 
Commission on Stratigraphy, 2004). 2 . The 
name of the corresponding European ‘stage 
for which the *type locality is near Le Mans, 

Cenozoic(Cainozoic, Kainozoic) *Era of geo¬ 
logic time extending from about 65.5 million 
years ago to the present. It includes the ‘Ter¬ 
tiary and ‘Quaternary Periods: the so-called 
ages of mammals and man. ‘Molluscs and 
‘microfossils are used in the stratigraphic sub¬ 
division of the era. The ‘Alpine-Himalayan 
orogeny reached its climax during this period 
of geologic time, 
centipedes See myriapoda. 

Centrales See bacillariophyceae. 

Central European SeaSeePARATETHYs. 
central limit theorem In statistics, the 
theorem stating of a series of data sets drawn 
from any ‘probability distribution, that the 
distribution of the ‘means of those data sets 
will follow a normal distribution, 
central vent volcano A point source of 
the Earth’s surface through which ‘lavas, 
‘pyroclastics, and gas are erupted. The erup¬ 
tive products have their thickest accumula¬ 
tion around the point source and build up a 
low-angle shield or higher-angle cone topog¬ 
raphy constituting the volcanic pile. Later 
eruptions may occur from fissures within the 


volcanic pile, which radiate and are fed from 
the point source. Continuous release of gas 
(explosive or quiet) from the point source en¬ 
sures the existence of an open vent at the top 
of the volcanic pile. This vent can often be en¬ 
larged by the peripheral collapse of its walls. 
See also volcano. 

centre of curvature The point at which 
arcs of the circle which forms the surfaces of 
a typical parallel-concentric *fold have a com¬ 
mon origin. The radii of such arcs represent 
the constant ‘orthogonal thickness of layers 
typical of this class of fold, 
centre of symmetry See crystal symmetry. 
centric diatoms See bacillariophyceae. 
centrifugal pump See pump. 
centripetal drainage pattern See 

DRAINAGE PATTERN. 

Centroceratida (class ‘Cephalopoda, sub¬ 
class ‘Nautiloidea) Order of generally *evo- 
lute, ‘gyroconic cephalopods in which the 
‘siphuncle is sub-central in position. Some 
forms are ‘nautiliconic. ‘Sutures are tri- 
lobed. The order ranges in age from Lower 
‘Devonian to Upper ‘Jurassic, 
centrum See vertebra. 

Cephalaspida See osteostraci. 
Cephalaspis (order ‘Osteostraci) One of 
the best-known osteostracans. The bony head 
shield tapered posteriorly and laterally to 
form two ‘horns’. The body segments were 
freed from the head shield, allowing greater 
mobility than in earlier genera, 
cephalic Pertaining to the head, 
cephalic spine A spine occurring on the 
‘cephalon (head) of a trilobite (‘Trilobita). 
cephalic suture In trilobites (‘Trilobita), 
the structure that includes the facial and ven¬ 
tral cephalic sutures. The facial sutures situ¬ 
ated on the dorsal part of the ‘cephalon are 
of three main types: protoparian, where the 
suture runs from the anterior border of the 
cephalon to a position anterior to the ‘genal 
angle; opisthoparian, where the suture runs 
from the anterior margin to cut the posterior 
margin posterior to the genal angle; and mar¬ 
ginal, where the suture runs along the edge 
and is not visible on the upper surface. In one 
family the facial suture runs directly through 
the genal angle and is ‘gonatoparian’. On the 

















chain lightning 


chain lightning See pearl-necklace iight- 


chain-modifier Class of element oxides 
which modify or disrupt chain structures in 
‘silicate ‘melts, e.g. CaO, K 2 0, Na 2 0, MgO, 
FeO, TiO, and A1 2 0 3 . 
chain silicate See inosilicate. 
chalcedony The group name for ‘cryp¬ 
tocrystalline varieties of silica composed of 
minute crystals of ‘quartz with submicro- 
scopic pores and with composition ranging 
from Si0 2 to Si0 2 .nH 2 0 and including the 
‘minerals ‘agate, ‘chert, ‘opal, ‘onyx, 
‘jasper, and ‘flint; sp. gr. 2.50-2.67; habits 
variable from stalactitic to massive; com¬ 
monly white, greyish-white, or grey, and oc¬ 
casionally yellow. 

chalcocite (copper glance) ‘Mineral, Cu 2 S; 
sp. gr. 5.5-5.8; ‘hardness 2.5-3.0; ‘ortho¬ 
rhombic; dark lead-grey tarnishing to black; 
black ‘streak; ‘metallic ‘lustre; ‘prismatic 
and ‘tabular ‘crystals are rare, it is usually 
found ‘massive, or as powdery coatings; 
‘cleavage prismatic, poor; can occur in ‘hy¬ 
drothermal veins in a ‘primary state, but 
more usually found in the zones of ‘super¬ 
gene enrichment of copper-ore bodies. It is an 
important ‘ore mineral for copper, 
chalcophile Applied to elements having a 
strong affinity for sulphur, which concen¬ 
trate in sulphides and are typical of the 
Earth’s ‘mantle rather than its ‘core. Com¬ 
monly found in ‘sulphide minerals and 
‘ores. Typical chalcophile elements are Cu, 
Zn, Pb, As, and Sb. Compare atmophile; bio- 
phile; lithophile; and siderophile. 
chalcopyrite (copper pyrites) Most com¬ 
mon copper mineral, CuFeS 2 ; sp. gr. 4.1-4.3; 
‘hardness 3.5-4.0; ‘tetragonal; brass-yellow, 
often with an iridescent tarnish; greenish- 
black ‘streak; ‘metallic ‘lustre; sometimes 
‘massive, crystals usually ‘tetrahedra; ‘cleav¬ 
age imperfect {Oil}; ‘primary mineral found 
in ‘igneous rocks and ‘hydrothermal veins, 
in association with ‘pyrite, ‘pyrrhotine, *cas- 
siterite, ‘sphalerite, ‘galena, ‘calcite, and 
‘quartz, an important mineral in ‘porphyry 
copper deposits, and also occurs in quartz 
‘diorite, and in ‘pegmatites, crystalline 
‘schists, ‘porphyry copper deposits, *syn- 
genetic copper ores and ‘skarns, and contact 
‘metamorphic zones. It is deeper in colour 
than pyrite, more brittle and harder than 
‘gold, is soluble in nitric acid, and its 


alteration products are ‘secondary copper 
minerals. It is a major ‘ore mineral for copper, 
chalk Porous, fine-grained rock, predo¬ 
minantly composed of the calcareous 
skeletons of micro-organisms, e.g. ‘cocco- 
lithophores and ‘foraminifera. The Chalk 
Formations of the Upper ‘Cretaceous of 
Europe form the White Cliffs of Dover and 
the cliffs south of Calais. 

Challenger expedition (1872-5) The first 
expedition to explore the deep oceans was led 
by John ‘Murray (1841-1914), in the British 
naval ship HMS Challenger. With a staff of bio¬ 
logists, chemists, and geologists, the expedi¬ 
tion surveyed the Atlantic, Indian, Antarctic, 
and Pacific Oceans, taking soundings and col¬ 
lecting specimens in dredges. The extent of 
the ‘Mid-Atlantic Ridge was first demon¬ 
strated by the crew of the Challenger. 
chalybdite See siderite. 
chalybeate Applied to natural waters con¬ 
taining iron. 

Chamberlin, Thomas Chrowder 

(1843-1928) Professor of geology at Chicago 
University and Head of the Glacial Division of 
the US Geological Survey, in which capacity 
he mapped the ice deposits of Wisconsin, 
Chamberlin developed a theory of successive 
episodes of mountain building, around an 
ancient continental ‘craton. With Moulton, 
he proposed the ‘planetismal hypothesis of 
the formation of the Earth. 

Chambers, Robert (1802-71) The author 
of Chambers’s Encyclopaedia, who in 1844 pub¬ 
lished anonymously a book called Vestiges of a 
Natural History of Creation, in which he revived 
the idea of evolution first proposed by 
‘Lamarck 30 years earlier. The book’s popu¬ 
larity and notoriety refocused attention on 
this issue and so paved the way, among the 
general public, for ‘Darwin’s Origin of Species. 
chamosite Silicate ‘mineral (see silicates) 
and member of the ‘chlorite group and par¬ 
ticularly of the septichlorite group which 
also includes the minerals amesite, 
greenalite, and cronstedite; composition 
Fe 2+ lo Al 2 [Si 3 AlO 10 ] 2 (OH) 16 ; soft but massive; oc¬ 
curs in sedimentary ironstones where it may 
form by alteration from the original * siderite 
ore, and is found in association with ‘chert 
and ‘clay. 

Chamovnicheskian A ‘stage (305-306Ma 
ago) in the ‘Kasimovian Epoch, preceded by 
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chlorinity 


mass extinction marking the end of the *Cre- 

Chile Rise The oceanic *ridge which sepa¬ 
rates the *Nazca Plate and the ‘Antarctic Plate. 
Chile saltpetre See soda nitre. 
chilidial plates See notothyrium. 
chilidium See notothyrium. 
chilled edge See chilled margin. 
chilled margin (chilled edge) A fine¬ 
grained or glassy carapace found around 
crystalline * magma bodies. The fine grain 
size is produced by the rapid loss of heat from 
the external surface of the magma body, caus¬ 
ing severe undercooling of the magma which 
generates many crystal-nucleation sites pro¬ 
ducing small crystals, or suppression of nu- 
cleation sites altogether, producing glass. 
Chilopoda See myriaeoda. 
china clay (kaolin) See chinastone. 
chinastone A light-coloured, hydrother- 
mally altered, *igneous rock composed of 
•quartz, strongly kaolinized orthoclase (see 
alkali feldspar), fresh *euhedral albite (see 
plagioclase feldspar), and minor ‘mus¬ 
covite, *topaz, and ‘fluorite. The rock is es¬ 
sentially a ‘granite which is in an arrested 
state of alteration by the process of ‘kaolin- 
ization. The orthoclase, which shows strong 
kaolinization, can be veined by secondary 
quartz and fluorite, both products of the 
kaolinization process. Superb examples are 
found in the St Austell granite of Cornwall, 
England, where the product of granite 
kaolinization, china clay (kaolin), is extracted 
for use in the ceramic, paper, pharmaceuti¬ 
cal, and other industries. See also kaolinite. 
chine Precipitous ravine found along erod¬ 
ing coastlines. It is typically developed in the 
soft ‘Mesozoic and ‘Cenozoic sediments of 
southern England. It results from the rapid 
incision that occurs when a stream responds 
by down-cutting to the rejuvenating effect of 
coastline retreat. 

Chinook Warm, dry, westerly wind of the 
*Fohn type which blows on the eastern side 
of the Rocky Mountains. The quick onset of 
the wind and the sudden large rise in temper¬ 
ature is associated in spring with rapid melt¬ 
ing of the snow. 

chip sampling See sampling methods. 


Chiron A ‘solar system asteroid (No. 2060), 
‘comet (95P), or minor planet, diameter 
180 km (148-208 km); approximate mass 4 X 
10 18 kg (2 X 10“-10 19 kg); rotational period 5.9 
hours; orbital period 50.7 years; ‘perihelion 
date 14 February 1996; perihelion distance 
8.46 AU. It is in a chaotic eccentric orbit near 
‘Saturn and ‘Uranus. It was discovered in 
1977 by Charles Kowal. 

Chiroptera (bats) (class ‘Mammalia) Order 
comprising the only true flying mammals, pos¬ 
sessing features parallel to those of birds, e.g. 
active metabolism and economy of weight. In- 
sectivores possibly ancestral to the bats are 
known from the ‘Palaeocene. The first un¬ 
doubted bats, however, are preserved in Middle 
‘Eocene deposits in both Europe and N. Amer¬ 
ica. Differentiation of the modern lineages 
was far advanced by the *Eocene-*01igocene 
transition. 

chi-squared test (x 2 ) In statistics, a ‘hy¬ 
pothesis test used to determine the goodness 
of fit of a particular data set with that ex¬ 
pected from a theoretical distribution. The 
test statistic is a function of the difference be¬ 
tween observed and expected values which is 
compared to the chi-squared distribution. 
The chi-squared distribution is a distribution 
of sample variance based on a single parame¬ 
ter, the ‘degrees of freedom, 
chitin See skeletal material. 
Chitinodendron franconianum Single- 
celled organisms are known from ‘Precam- 
brian strata, but the first ‘protozoans with 
an external skeleton appear in the Upper 
‘Cambrian. C. franconianum is a primitive al- 
logrominid 'foraminiferid with an external 
‘chitinoid’ membrane. It is from the Upper 
‘Cambrian ofWisconsin, USA. 
chloralgal Applied to an association of 
green algae (‘Chlorophyta), living in sea 
water more saline than corals could tolerate, 
that forms a characteristic calcareous sedi¬ 
ment. Compare chlorozoan; and foramol. 
chlorinity Measure of the chloride content, 
by mass, of ‘sea water. It is defined as the 
amount of chlorine, in grams, in 1 kg of sea 
water (bromine and iodine are assumed to have 
been replaced by chlorine). Chlorinity and 
‘salinity are both measures of the saltiness of 
sea water. The relationship can be expressed 
mathematically, as salinity is equivalent to 
1.80655 times the chlorinity. There is a 
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Clinton ironstone 


component of a limestone pavement (an 
extensive ‘bedding-plane surface exposed 
by erosion). 

Clinton ironstone Red, fossiliferous iron 
ore from the Middle * Silurian Clinton For¬ 
mation of east central USA It often occurs in 
lenses and may be ‘oolitic in texture. The 
*ore mineral is usually ‘hematite. 
clippedtraceA wave-form display in which 
amplitudes greater than a certain level are 
not shown. For example, clipped ‘seismic 
traces have a truncated wiggle with a flat top 
instead of the usual rounded wiggle, 
ditter Local term for the gently sloping 
spread of coarse, often angular rock debris 
surrounding many of the tors of Dartmoor, 
south-west England. It was produced when 
‘blockfields developed on the Dartmoor gran¬ 
ite during the periglacial phases of the ‘Pleis¬ 
tocene and the exposure of‘tors, but the rock 
debris is now stable and largely vegetated, 
clod Compact, coherent block of soil, found 
in situ when soil is broken up by digging or 
ploughing. Clods are of varied sizes, 
closed form The ‘crystal faces of a ‘min¬ 
eral which occupy repeat positions in rela¬ 
tion to its symmetry elements can be grouped 
together as forms. A closed form is one which 
totally encloses a space, e.g. a cube or tetrahe¬ 
dron. Compare open porm. 
closed system A system that is able to ex¬ 
change energy, but not matter, with its sur¬ 
roundings. 

close fold A ‘fold in which the inter-limb 
angle is between 30° and 70° (as defined by 
M. J. Fleuty (1964), in a classification of folds 
based on their degree of tightness), 
closure age The time at which diffusion 
within a mineral or rock of a ‘daughter prod¬ 
uct of a ‘radioactive decay system becomes 
negligible compared to accumulation, so 
that the system becomes ‘closed’, usually due 
to a fall in temperature, 
closure temperature The temperature at 
which a rock that is cooling ceases to ex¬ 
change the products of ‘radioactive decay 
with the surrounding material. It is the tem¬ 
perature at which the rock becomes a ‘closed 
system, and since the rock henceforth retains 
radioactive decay products it can be dated ra- 
diometrically from the time it cooled to the 
closure temperature. 


cloud amount The proportion of the sky 
seen to be covered by cloud. Nowadays it is 
commonly measured in ‘oktas’ or eighths of 
the sky covered, but sometimes it is quoted as 
a percentage, or as tenths, 
cloud base The undersurface of cloud, rep¬ 
resenting the ‘condensation level of water 
droplets or ice. 

cloudburst Term popularly applied to brief 
but exceptionally heavy precipitation, of 
shower or thunderstorm type. It occurs when 
cold down-draughts suppress the warm up¬ 
draughts in a ‘cumulonimbus cloud, caus¬ 
ing a breakdown in the convection cells that 
makes the cloud dissipate, releasing all of its 
moisture as it does so. 

cloud classification Clouds have been 
classified by various systems according to 
form, altitude, and the physical processes 
generating them. The World Meteorological 
Organization (International Cloud Atlas, 1956) 
classifies ten genera in three major groups 
(cumulus or heap clouds, stratus or sheet 
clouds, and cirrus or fibrous clouds) by crite¬ 
ria essentially based on cloud form. Some of 
the genera are subdivided according to varia¬ 
tions in internal shape and structure, to give 
fourteen species. Additional or supplemen¬ 
tary features, e.g. transparency, arrangement, 
and characteristics of growth, are defined by 
Latin names as variants and accessory types of 
cloud. The cloud genera, with their abbrevia¬ 
tions, are: cirrus (Ci), cirrocumulus (Cc), cirro- 
stratus (Cs), altocumulus (Ac), altostratus (As), 
nimbostratus (Ns), stratocumulus (Sc), stratus 
(St), cumulus (Cu), and cumulonimbus (Cb). 
Clouds can also be referred to, according to 
their composition, as water or ice clouds; 
combinations of these are called mixed cloud. 
Clouds are also classified by the average 
height oftheir bases as: high (3-8 km, includ¬ 
ing Ci, Cc, and Cs); middle (2-4 km, including 
Ac, As, and Ns); and low (0-2 km, including 
St, Sc, Cu, and Cb). 

cloud condensation nuclei (CCN) Small 
airborne particles on to which water vapour 
condenses to form cloud droplets; in the ab¬ 
sence of CCN it is possible for the ‘relative hu¬ 
midity to exceed 100%. The most effective 
CCN are 0.2-2.0 pm in diameter and are hy¬ 
groscopic. ‘Hygroscopic nuclei include a 
variety of substances, including dust, smoke, 
sulphate, and salt (NaCl). There are typically 
5-6 million CCN per litre of air over land and 
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combe rock See head. 
combination trap Oil, gas, or water trap 
combining structural and stratigraphic fea¬ 
tures. See also structural trap; and strati¬ 
graphic trap. 

combined plate margin A *plate margin 
which has some combination of convergence 
or divergence with tangential movement, e.g. 
a *leal<y transform fault. 

Comely Epoch See caerpai epoch. 
comet A small body composed of meteoric 
dust and frozen ices (H 2 0, C0 2 , CO, HCHO) in a 
highly elliptical or parabolic orbit around the 
Sun. The average *perihelion distance is less 
than 1AU, and the average * aphelion distance 
is about 10 4 AU. Comets are derived from the 
*Oort cloud and have average lifetimes of 
about 100 passages. Comet nuclei are irregu¬ 
lar in shape, a few kilometres in diameter and 
have a low density (100-400 kg/m 3 ). Due to 
solar radiation, they emit gas and dust, form¬ 
ing the characteristic tail, when within a few 
astronomical units of the Sun; the dust com¬ 
position appears to resemble that of primitive 
•carbonaceous chondrites. 

Comet Nucleus Tour A *NASA mission to 
map the cores of comets and analyse dust 
streaming from them. It was launched in July 
2002, but broke apart shortly after launch 

comfort zone Range of atmospheric 
temperature and humidity characteristics 
within which the human body feels and 
works comfortably and efficiently. The typi¬ 
cal zone is delimited by a temperature range 
of 19-24 °C. Beyond the limits corrective 
adaptations are necessary to produce bodily 
comfort. 

comminution The liberation of valuable 
•minerals from their *ores by crushing and 
grinding the ore to a particular grain size so 
that the residue is a mix of relatively clean 
particles of ore minerals and waste. Com¬ 
minution is carried out initially to make ex¬ 
cavated material easier to handle and of a 
specific size. Comminution theory is con¬ 
cerned with the relationships between en¬ 
ergy input and particle size from a given feed 

Commission on Classification of 
M i nerals See commission on new minerals, 

NOMENCLATURE, AND CLASSIFICATION. 


Commission on New Minerals and 
Mineral Names (CNMMN) See COMMISSION 
ON NEW MINERALS, NOMENCLATURE, AND CLAS¬ 
SIFICATION. 

Commission on New Minerals, 
Nomenclature, and Classification 

(CNMNC) A body formed in July 2006 and 
charged with developing coherent guidelines 
for mineral nomenclature. The CNMNC re¬ 
sulted from the merger of the International 
Mineralogical Association (IMA), the Com¬ 
mission on New Minerals and Mineral 
Names (CNMMN), and the Commission on 
Classification of Minerals. The CNMMN was 
established in 1959 with the purpose of regu¬ 
lating the introduction of new minerals and 
mineral names, and of rationalizing miner- 
alogical nomenclature. The CNMNC consists 
of representatives appointed by national 
mineralogical bodies, and an executive com¬ 
mittee comprising a chair, two vice-chairs, 
and a secretary. 

commissure A line or plane of junction, 
e.g. between the two valves of the shell in 
a brachiopod (*Brachiopoda) or bivalve 
(•Bivalvia). 

common canal In graptoloids (*Grap- 
toloidea), a passage into which all the ‘thecae 
open (the thecae being short tubes arranged 
in overlapping series along the *stipe). 
common depth point (CDP) In multi¬ 
channel ‘reflection profiling, the unique 
point on an individual reflector from which 
seismic reflection information is recorded in 
traces at different ‘offsets. A set of traces con¬ 
taining information for one CDP is called a 
‘CDP gather’, and the midway position be¬ 
tween the shots and their respective detec¬ 
tors for a CDP gather is called the 'common 
mid-point’ (CMP). See also fold. 
common-depth-point stack (CDP stack, 
horizontal stack) The sum of the traces of 
seismic ‘reflection data, acquired from a 
*roll-along survey, which correspond to the 
same ‘common depth point but which origi¬ 
nate from different seismic ‘profiles and dif¬ 
ferent ‘offsets. The technique reduces 
substantially the amplitude of incoherent 
noise, ‘multiples with their different normal 
‘moveouts, diffractions, etc., compared with 
the seismic reflections, 
common lead Lead which differs from 
primeval lead by the addition of ‘radiogenic 
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compressed air Air under pressure. This 
may be used in tunnels to balance the pres¬ 
sure of water in the ground and so control 
•groundwater. Compressed air is also widely 
used to drive machinery in mining and tun¬ 
nelling operations, e.g. in rock ‘drills and 
ventilation fans. 

compressibility ((3) Ability of a substance 
to decrease in specific volume and increase in 
density under pressure; the reciprocal of 
•bulk modulus. In ‘powder technology, the 
ratio of the volumes of loose to compact 
powder. 

compressional wave See p-wave. 
compressive stress The stress produced 
by forces acting on a unit area of rock, which 
can be resolved into a ‘normal stress and a 
‘shear stress, acting perpendicularly and 
parallel to a plane respectively. Compressive 
stress is measured in pascals (Pa) or kilobars 
(kb). 

con- See com-. 

concealed coalfield Coal deposits buried 
beneath younger strata, e.g. the Kent 
coalfield, south-eastern England, 
concentration 1 . In chemistry, the num¬ 
ber of molecules or ‘ions in a given volume of 
a substance, expressed as ‘moles of solute per 
litre of solution (molarity). 2 . In mineral pro¬ 
cessing, the production of a concentrate from 
its ‘ore, or the process of increasing concen¬ 
tration by evaporation, etc. 
concentration factor The amount by 
which an element must be increased above its 
normal ‘crustal abundance in an ‘ore to 
make it commercially extractable. 
concentration-Lagerstatte See lager- 

concentric fold A ‘parallel fold in which 
individual layers maintain a uniform ‘or¬ 
thogonal thickness and ideal fold surfaces 
are arcs of circles sharing a common centre. 
Due to geometric constraints, the fold profile 
must change continuously upwards and 
downwards. See also fold. 
conchoidal fracture Curved fracture pat¬ 
tern characteristic of some siliceous minerals, 
e.g. ‘quartz, fine-grained ‘igneous ‘rocks, 
and volcanic glasses, especially ‘obsidian, 
concordant 1 . Applied to an ‘igneous ‘in¬ 
trusion that has been emplaced parallel with 


the structure (‘bedding, ‘foliation, etc.) of 
the invaded ‘country rock. ‘Sills are exam¬ 
ples of concordant intrusions. 

2 . Applied to a relationship in which adja¬ 
cent ‘strata are structurally concurrent with, 
or parallel to, each other. Compare discor¬ 
dant. Contrast conformable. 
concordant age If the ‘minerals in a rock 
have remained geochemically undisturbed 

ages obtained by different radiometric meth¬ 
ods (for example, the decay of 40 K to "Ar, 87 Rb 
to 87 Sr, 238 U to 20s Pb, 235 U to 207 Pb, and 282 Th to 
208 Pb) to agree within the levels imposed by 
the accuracy of their known half-lives (see 
decay constant). If all the methods em¬ 
ployed give a reasonable level of agreement, 
then the age is concordant. See radiometric 

Concordia diagram A plot of 206 Pb: 238 U 
against 207 Pb: 235 U for concordant samples of 
various ages should define a single curve, 
named ‘Concordia’ by G. W. Wetherill (1956). 
If the ratios plotted for samples fall below this 
‘concordant age pattern expected for the 
rock body, this produces a ‘discordant age 
pattern. A straight line drawn through two or 
more such points should intersect the Con¬ 
cordia curve at two points. One of these will 
give the true age of the rock, while the 
younger intersect should give the date of any 
‘lead loss (which is what causes the discrep¬ 
ancy). 

concrete Building material composed of 
‘cement, ‘aggregate, and water in varying 
proportions according to use; when mixed to¬ 
gether the material hardens to a rock-like 
consistency. 

concrete dam Dam made of Portland ce¬ 
ment or cyclopean concrete (i.e. with large 
stones). A dense material is important in its 
construction to reduce percolation and en¬ 
sure permanence; a relatively dry mix with 
careful tamping is required, 
concrete minimum temperature An al¬ 
ternative to the ‘grass minimum tempera¬ 
ture, producing more uniform results, and 
relevant to the likely freezing on road sur¬ 
faces, etc. The temperature is recorded by a 
standard thermometer exposed in contact 
with a concrete surface, 
concretion 1 . Roughly spherical or ellip¬ 
soidal body, produced as a result of local early 
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cone of depression The region, shaped 
like an inverted cone, in which the *water 
table is drawn down, or depressed, in the 
vicinity of a ‘borehole from which ‘ground- 
water is being abstracted by pumping, 
cone penetrometer Instrument for test¬ 
ing the relative ‘shear strength of soil. A 
standard cone is pressed into the ground 
under known ‘load and depth of penetration 
measured. See penetration tests. 
cone sheet A ‘dyke shaped in cross-section 
like a cone dipping inwards to a central *plu- 
ton. This characteristic form is usually ex¬ 
plained by reference to a stress field, shaped 
like an inverted umbrella, generated by the 
parent pluton at depth. 

Conewangoan (Bradfordian) See chau- 

TAUQUAN. 

confidence interval In statistics, a range 
of values based on the observed data which 
are likely to contain the true unknown value 
for a specified proportion of the time 
(confidence level) usually expressed as a per¬ 
centage. 

confidence level See confidence interval. 
confined aquifer Sec aquifer. 
confining pressure The combined ‘hy¬ 
drostatic stress and ‘lithostatic stress; i.e. the 
total weight of the interstitial pore water and 
rock above a specified depth, 
confluence Of air flow, convergence of 
adjacent streamlines, which increases air 
velocity. See also convergence. 
conformable Applied to a sequence of 
‘strata deposited in an apparently continu¬ 
ous succession. Contrast concordant. 
congelifraction See frost wedging. 
congeliturbation See geliturbation. 
congestus From the Latin congestus mean¬ 
ing 'piled up’, a species of ‘cumulus cloud 
with deep bulging form and an upper part 
having a cauliflower-like appearance. See also 
cloud classification. 

conglomerate (puddingstone) Coarse 
grained (‘rudaceous) rock with rounded 
‘clasts that are greater than 2 mm in size. 
Conglomerates may be termed ‘intrafor¬ 
ma tional’ if formed of local, recently deposited 
clasts, or ‘extraformational’ if the clasts are 
derived from outside the area of deposition. 


The term ‘polygenetic’ is used to describe a 
conglomerate rock that has been produced 
under a variety of conditions or processes. 

congruent dissolution Transition from a 
solid substance to a liquid of the same corn- 

congruent solution Solution of a double 
salt (i.e. a salt formed by the crystallization of 
two or more components, e.g. ‘dolomite) to 
yield quantities of component ‘ions in the 
same proportions as existed in the solid. 
Coniacian A ‘stage in the European Upper 
‘Cretaceous, for which the ‘stratotype is at 
Cognac, France. It is dated (Int. Commission 
on Stratigraphy, 2004) at 89.3-85.8 Ma. See 
also SENONIAN. 

Coniferales In some classifications, the 
order comprising the conifers. See conifero- 

Coniferophyta (Pinophyta) The biggest di¬ 
vision of ‘gymnosperms, with a long fossil 
history, comprising trees and shrubs; most 
are resinous. The leaves are often needle- or 
scale-like. Fertile parts occur in unisexual 
cones, variously containing sterile scales. The 
ovule and seed are naked and borne on a 
scale. They first appear as fossils in ‘Car¬ 
boniferous rocks. 

Coniferopsida In some classifications, a 
class of‘gymnosperms comprising 4 orders: 
Cordaitales; Coniferales (conifers); Gink- 
goales (ginkgos); and Taxales (yews). The Cor¬ 
daitales appeared in the early ‘Carboniferous 
and became extinct at the end of the ‘Per¬ 
mian. The Coniferales appeared in the Upper 
Carboniferous, the Ginkgoales in the early 
Permian, and the Taxales in the ‘Jurassic. 
These three are extant, 
conifers See coniferales. 
conjugate fault set A cross-cutting set of 
‘fault planes which ideally intersect at an¬ 
gles of 60° and 120°, and have both left- 
handed and right-handed ‘shear senses. The 
line of intersection is parallel to the direction 
of intermediate ‘principal stress (a 2 ). The 
maximum principal stress bisects the acute 
angle and the minimum principal stress bi¬ 
sects the obtuse angle. 

conjugate fold A set of paired, asymmetric 
‘folds whose ‘axial planes ‘dip towards one 
another. Limbs are commonly straight, and 
‘hinge zones short and angular. Conjugate 
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constant-separation traversing 


folds are thought to be formed during the 
final stages of deformation, 
conj unct Applied to the distribution of pop¬ 
ulations that have overlapping ranges, allow¬ 
ing DNA to be exchanged between them. 
Compare disjunct. 

connate water From the Latin connatus 
meaning ‘born together’, water that has re¬ 
mained trapped in a ‘sedimentary rock since 
the original sediments were laid down in that 
water, prior to ‘lithification. Connate water 
may be very old and saline. 
Conodontophora The category into 
which ‘conodonts were formerly placed. 
Conodonts are tiny, phosphatic, tooth¬ 
shaped ‘fossils that occur in rocks from the 
‘Cambrian to the ‘Triassic. 
conodonts Small, phosphatic, ‘fossil teeth, 
common in rocks from the ‘Cambrian to 
‘Triassic (and formerly placed in the cate¬ 
gory ‘Conodontophora) that belonged to 
elongated, fish-like animals that were proba¬ 
bly chordates (‘Chordata), possibly verte¬ 
brates, and lived as active predators. Two eyes 
were located in lobe-shaped structures at the 
anterior end, a ‘notochord ran down the 
length of the worm-shaped body, there were 
muscular fins at the posterior end, and the 
feeding apparatus comprised the only hard 

conoscopic Applied to the converging fight 
in a transmitted-light microscope, when the 
addition of a condenser below the micro¬ 
scope stage through which ‘plane-polarized 
light is passed converges the light on to the 
stage to produce ‘interference figures and 
optical effects characteristic of individual 
‘minerals. Compare orthoscopic. 

Conrad discontinuity Aboundary within 
the Earth’s ‘continental crust that can be de¬ 
tected seismically at about 10-12 km depth, 
although exploratory deep drilling has failed 
to locate it. The boundary separates the crust 
into a lower, basic layer and an upper, 
granitic layer. 

consequent stream Stream whose course 
is consequent upon the shape of a newly 
emerged land surface. Its course shows no 
necessary relationship with the underlying 
geologic structure, although older usage 
tended to restrict the term to a stream 
flowing in a downdip direction across gently 
inclined strata. 


conservation-Lagerstatte See laghk- 

conservative margin The zone between 
two lithospheric ‘plates in which ‘crust is 
being neither created nor destroyed, but the 
plates are sliding tangentially relative to each 
other along a ‘transform fault, 
consistence (consistency) The resistance of 
soil to physical impact such as ploughing, 
digging, or handling. It is controlled by the 
degree of adhesion between soil particles. It is 
described when dry as loose, soft, or hard, 
when moist as loose, friable, or firm, and 
when wet as sticky, or plastic, 
consistency See consistence. 
consistency index In ‘cladistic analysis, a 
measure of ‘homoplasy in a phylogenetic 
tree (or ‘cladogram), calculated as the num¬ 
ber of steps (i.e. ‘character state changes) in 
the cladogram divided by the smallest possi¬ 
ble number of steps. The index therefore runs 
from 0 to 1. A low consistency index (less than 
0.5) tends to indicate that much homoplasy 
has occurred. 

consolidation In geology, any process by 
which loose earth materials become com¬ 
pacted, including ‘cementation, ‘diagene¬ 
sis, ‘recrystallization, ‘dehydration, and 
‘metamorphism. In soil mechanics, the term 
implies a slow reduction in volume and an in¬ 
creased density of saturated soil under ‘load, 
e.g. beneath buildings. Rate of consolidation 
depends on the rate of pore water escape, 
therefore on the ‘permeability of the soil, 
constant head permeameter See 

PERMEAMETER. 

constant offset A constant separation 
between a geophysical source and a receiver 
(see also offset). Constant-offset profiling (COP) 
is a specialized method of marine seismic 
profiling using two ships, one shot-firing and 
the other recording, which travel along a 
profile at a constant offset. COP is used for 
mapping variations in crustal structures over 

constant-separation traversing (CST) 

An electrical technique in which an ‘elec¬ 
trode array (commonly a ‘Wenner or 
‘dipole-dipole array) is moved along a survey 
line, keeping the electrode separations 
constant. Similar survey techniques are 
used in ‘electromagnetic surveying, where a 
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continuous profiling 


defined. The upper layer is of granitic compo¬ 
sition with surface enrichment in ‘radi¬ 
ogenic and other ‘lithophile elements, and 
has an average density of 2 700 mg/m 3 . The 
lower layer was previously considered to be of 
gabbroic composition but is now thought to 
be quartz ‘diorite in ‘granulite metamor- 
phic grade. 

continental drift Hypothesis proposed 
around 1910 to describe the relative move¬ 
ments of continental masses over the surface 
of the Earth. A major theorist of continental 
drift, and certainly the one who gave the hy¬ 
pothesis scientific plausibility, was Alfred 
‘Wegener (1880-1930). His work was based 
on qualitative data, but has been vindicated 
in recent years by the development of the 
‘plate tectonics theory, which has provided 
geologists with a viable mechanism to ac¬ 
count for continental movements. See also 


continental freeboard The average level 
of the sea surface relative to the continents, 
continentality A measure of how the cli¬ 
mate of a place is affected by its remoteness 
from the oceans and oceanic air. The differ¬ 
ence between the average temperatures pre¬ 
vailing in January and July is most often 
quoted as an indicator of this, 
continental margin Zone that consists of 
the ‘continental shelf, ‘continental slope, 
and ‘continental rise. It extends from the 
shoreline to the deep-ocean floor at a depth of 
2000 m. The zone is underlain by ‘continen¬ 
tal crust. Continental margins have been 
divided into ‘active margins or ‘passive mar¬ 
gins depending on their coincidence, or 
otherwise, with ‘plate margins, 
continental rise Smooth-surface accumu¬ 
lations of sediment which form at the base of 
the ‘continental slope. The surface of the rise 
is gently sloping with gradients between 
1:100 and 1:700. The width of the rise varies 
but is often several hundred kilometres. Two 
types ofdepositleadto the formation of rises: 
‘turbidites laid down by ‘turbidity currents 
flowing down the continental slope, and 

flowing along the rise at the base of the ‘con¬ 
tinental margin. 

continental shelf Gently seaward-sloping 
surface that extends between the shoreline 
and the top of the ‘continental slope at about 


150 m depth. The average gradient of the 
shelf is between 1:500 and 1:1000 and, al¬ 
though it varies greatly, the average width is 
approximately 70km. Five major types of 
shelves may be recognized: (a) those domi¬ 
nated by tidal action; (b) those dominated by 
wave and storm action; (c) those dominated 
by carbonate deposition; (d) those subject to 
modern glaciation in polar areas; and (e) 
those floored by ‘relict sediments which con¬ 
stitute up to 50% of the total shelf area, 
continental-shelf waves ‘Vorticity 
waves produced in a ‘continental-shelf area 
where there is a sea-bed slope. In the north¬ 
ern hemisphere, if a water column is dis¬ 
placed into shallower water it develops 
negative relative vorticity, or anticyclonic 
motion; if displaced into deeper water it will 
develop positive relative vorticity, or cyclonic 
motion. The net result is for shelf waves to 
progress in a poleward direction along the 
west coasts of continents, or equatorwards 

continental shield crustal type Aregion 
composed of highly deformed ‘metamorphic 
rocks and ‘plutons that are ‘Hadean, ‘Ar¬ 
chaean, or ‘Proterozoic in age and have not 
been affected by ‘tectonism or covered by 
‘sediments since the Proterozoic. See craton. 
continental slope The relatively steeply 
sloping surface that extends from the outer 
edgeofa * continental shelf down to the ‘con¬ 
tinental rise. The total relief is substantial, 
ranging from 1 km to 10 km, but the slope is 
not precipitous and ranges from 1° to 15° of 
slope (average 4°). Along many coasts of the 
world the slope is furrowed by deep subma¬ 
rine canyons, terminating as fan-shaped de¬ 
posits at the base. 

continuation The use of one set of mea¬ 
surements of a potential field (usually gravity 
or magnetic) over one surface to determine 
the set of values the field would have over an¬ 
other surface, usually at a different elevation. 
See also upward continuation; and down- 


continuous distribution Data that yield 
a continuous spectrum of values. Examples 
are measurements of the wing lengths of 
birds, or the weights of mammals, or the 
heights of plants. 

continuous profiling A seismic tech¬ 
nique in which the ‘geophone and shooting 
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convolute lamination 


mass that is denser than the water below it 
sinks and is replaced by lighter, warmer water. 

2 . In meteorology, the process in which air, 
having been warmed close to the ground, 
rises. The convective uplift of *air parcels is 
one of the main processes leading to conden¬ 
sation and cloud formation. See also dish-pan 
experiment; eorced convection; hadley 
ceil; instability; level op free convection; 
and STABILITY. 

3 . Within the Earth, the ‘radiogenic heat 
release results in convective motions causing 
tectonic ‘plate motions. The location and 
configuration of the ‘convective cells is uncer¬ 
tain, but they appear to be ‘mantle-wide and 
marked by most heat loss along the ‘mid¬ 
ocean ridges. The difference in temperature 
between upgoing and downgoing convective 
limbs within the mantle may be only 1-2 °C. 
In the upper ‘oceanic crust, heat loss is mainly 
by convective circulation systems combined 
with thermal conduction. See also creep mech¬ 
anisms; GEOTHERMAL GRADIENT; HEAT FLOW; 
nusselt number; and rayleigh number. 


which are unrelated—except through distant 
ancestors—as each adapts to a similar way of 
life. Sharks (fish), dolphins (mammals), and 
‘ichthyosaurs (extinct reptiles) provide good 
examples of convergence in the aquatic 

convergent margin A boundary between 
two lithospheric ‘plates which are moving 
towards each other. Some such boundaries 
involve ‘subduction of ‘oceanic crust and 
are called ‘‘destructive’ boundaries; others 
are ‘collision zones between continents 
where it is thought that all the oceanic crust 
has been subducted and that the ocean basin 
has reached the final stage of the ‘Wilson 



convection current See convection (1). 
convective cell The pattern formed in a 
fluid when local warming causes part of the 
fluid to rise, and local cooling causes it to sink 
again elsewhere. The atmosphere in low lati¬ 
tudes forms such cells, known as ‘Hadley 
cells, as warm equatorial air rises, moves 
away from the equator and cools, and then 
descends over the subtropics, 
convective condensation level The 
level at which surface air will become satu¬ 
rated when rising by convection. See also lift¬ 
ing CONDENSATION LEVEL, 
convective instability See potential in- 

convergence 1 . Situation in which, over a 
given lapse of time, more air flows into a given 
region than flows out of it. It is commonly 
accompanied by confluence of the stream¬ 
lines, but may be caused by differences of ve¬ 
locity, e.g. where the wind comes against a 
coast or a mountain wall. Surface friction can 
produce convergence. Compare divergence. 

2 . The point, line, or region where two 
oceanic water masses or surface currents 
meet. This leads to the denser water from one 
side sinking beneath the lighter water of the 
other side. 

convergent evolution The development 
of similar external morphology in organisms 



Convergent margin 


converted wave See s-wave. 
convex slope See slope profile. 
convolute In a coiled gastropod (‘Gas¬ 
tropoda), applied to the condition in which 
the outer whorls embrace the inner ones so 
that the latter are nearly or partly invisible. 
In nautiloid cephalopods (‘Nautiloidea) this 
type of ‘coiling is sometimes called ‘nautili- 

convolute lamination A ‘sedimentary 
structure consisting of a series of upright or 
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Convolute 

overturned ‘folds whose intensity dies out 
both upwards and downwards within a sin¬ 
gle bed. The convolutions are formed by the 
expulsion of water from rapidly deposited 
sediments by an external shock, e.g. an earth¬ 
quake, the effect of large waves, or by the ris¬ 
ing and falling of the ‘water table through 
the sediment. 

convolution A mathematical operation 
(symbol *) to define the change in the shape 
of a wave-form caused by its passage through 
a ‘filter. If an ‘impulse response function/is 
convolved with an input g, then the output, h, 
is given by: h = g *f = 2{g(t - j) X Jffi, 
Conybeare, William Daniel (1787-1857) 
An English clergyman, Conybeare is best 
known as co-author, with William Phillips, of 
Outline of the Geology of England and Wales (1822), 
one of the most influential textbooks on 
stratigraphy of the period. He also described 
and reconstructed ‘saurian fossils from the 
Lyme Regis area of England. As a friend and 
collaborator of William ‘Buckland, Cony¬ 
beare was an influential member of the 
Oxford School of Geology. 

Cook, James (1728-1779) A navigator, 
surveyor, and explorer, who captained three 
expeditions to the Pacific between 1768 and 
1779. He surveyed the coasts of New Zealand 
and eastern Australia, and explored part of 
the seaboard of Antarctica. He was able to 
show that the supposed ‘Great Southern 
Continent’ did not exist. 

Cooksonia hemispherica (order Rhyniop- 
sida) Extremely primitive plant, a few cen¬ 
timetres high, from the Upper ‘Silurian and 
Lower ‘Devonian. Members of the family did, 


however, possess an epidermis (protective 
outer layer) and stomata (specialized pores) to 
control the passage of gases. They also had an 
underground rooting portion, the rhizome, 
and they branched ‘dichotomously. C. hemi¬ 
spherica is the first representative of the Rhyni- 
aceae, and is known from the Silurian of 
Europe. See also pshophytales; and rhynia. 
cooling age See fission-track dating. 
cooling joint (shrinkage joint) See joint. 
coombe rock See head. 
coordinated stasis The idea, proposed in 
1992 by Gordon Baird, that certain groups of 
species remain unaltered for tens of millions 
of years, then experience an episode of rapid 
extinction and the formation of new species. 
This resembles ‘punctuated equilibrium act¬ 
ing at the level of communities and may 
occur because the species interact so closely 
they cannot evolve, instead responding to en¬ 
vironmental change by moving as a group to 
a more hospitable location. The fossil record 
of animals dwelling in ocean-bottom muds in 
the ‘Silurian to middle ‘Devonian appears to 
support the idea, but it is not accepted by all 
palaeontologists. 

coordination number Number of atoms, 
ions, molecules, or groups of these that sur¬ 
round a given atom in a complex molecule. In 
geology the most common groups are oxygen 

minerals (see silicates) silicon is always sur¬ 
rounded by four oxygen atoms. 

COP (constant-offset profiling) See constant 

Copernican System See lunar time-scale. 
Cope's rule In 1871, the American palaeon¬ 
tologist Edward Drinker Cope (1840-97) 
noted a phylogenetic trend towards in¬ 
creased body size in many animal groups, in¬ 
cluding mammals, reptiles, arthropods, and 
molluscs. This came to be known as Cope’s 
rule. It remained unchallenged until a study 
of more than 1000 insect species in 1996 and 
was finally disproved in 1997, by a study in 
which David Jablonsld made more than 6 000 
measurements on 1086 species of Late ‘Cre¬ 
taceous fossil molluscs spanning 16 million 
years and found as many lines led to de¬ 
creased size as increased. Evolutionary lin¬ 
eages show no overall tendency to greater 
size, but if the extant survivor happens to he 
larger than its immediate ancestor (e.g. the 
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2. (crevasse splay) The deposit generated by 
a river crevasse event. It is sheet-like in geo¬ 
metry, thinning away from the side of the 
breach in the river bank, and characterized 
by rapidly deposited sands, fining upwards to 
) a muddy top, produced by the waning flow of 


crevasse splay See crevasse deposit. 
Crinoidea (crinoids) (subphylum Crinozoa; 
phylum *Echinodermata) The most primi¬ 
tive living class of echinoderms, whose mem¬ 
bers are either stalked (sea lilies) or unstalked 
(feather stars). The body is contained within a 
cup-like *calyx, composed of regularly 
arranged plates, consisting of a lower dorsal 
cup which is covered by a dome (the 
*tegmen). There are usually five plated and 
branching arms (brachial processes, or 
‘brachia) that articulate freely with the 
calyx. The upper surface contains the mouth 
and anus. There are tube feet along each arm 
with a median food groove between them 
leading to the mouth. The stem, when pre¬ 


sent, consists of a column of calcite discs (os¬ 
sicles or *columnals) each with a central hole 
(lumen) for extensions of the soft parts. All 
‘Palaeozoic forms were stemmed (sometimes 
of considerable length), but most modern 
forms are free swimming. They first arose in 
the Lower ‘Ordovician, and fossil crinoids 
are an important constituent of Palaeozoic 
‘limestones. 

crinoids See crinoidea. 
cristobalite A high temperature form of 
‘quartz Si0 2 which has a stability field at at¬ 
mospheric pressure above 1470 °C and below 
1713 °C, at which latter temperature cristo¬ 
balite melts and the quartz ‘liquidus is 
reached; sp. gr. 2.32; occurs as fine aggregates 
in cavities in ‘basalts and in some thermally 
metamorphosed (see contact metamorph¬ 
ism) ‘sandstones. 

critical angle(0 c )The ‘angle of incidence at 
which a refracted ray grazes the interface be¬ 
tween two media whose velocities are V, and 
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crystal symmetry 


Cryptozoic (Archaeozoic, Azoic) A period 
of time equivalent to the combined ‘Hadean, 
•Archaean, and *Proterozoic i.e. the former 
‘Precambrian, 542-4 567.17 Ma ago (Int. 
Commission on Stratigraphy, 2004). 
crystal A homogeneous, ordered solid, hav¬ 
ing naturally formed plane faces and a lim¬ 
ited chemical composition. Crystals have 
definite geometric forms that reflect the 
arrangement in ‘lattices of the atoms of 
which they are composed. See crystal class; 
and crystal symmetry. 
crystal class (point group) Crystals are 
formed by the repetition in three dimensions 
of a *unit cell structure, defined by lattice 
points in space. There are only 32 ways to 
arrange the space lattices in terms of symme¬ 
try elements, and these are called the ‘crystal 

crystal face One of the relatively flat sur¬ 
faces by which a crystal is bounded. Faces are 
produced naturally during the process of 
crystal growth. Cut and polished ‘gemstones 
are bounded by plane faces which are often 
produced artificially and which, therefore, 
are not crystal faces. 

crystal-field theory A theory describing 
the behaviour of elements with partly filled 
d- or f-orbitals. In ‘geochemistry it is particu¬ 
larly concerned with the crystal-field 
(‘ligand-field) effects on the first transition 
metal ‘ions, i.e. Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 
and Cu. If the ‘anions surrounding a ‘cation 
are considered as point charges then the elec¬ 
trostatic interactions between them will vary 
according to: (a) ionic distance; ( b) the 
strength of the charge; and (c) the ‘coordina¬ 
tion number (how anions are distributed 
around the cation). Some of the five d-orbitals 
will have maximum electron density nearer 
to the anion than others. Interactions be¬ 
tween cation and anion will affect the ener¬ 
gies of the d-orbitals and cause a separation of 
energy levels between orbitals (crystal-field 
splitting). 

crystal group See crystal system. 
crystalline A general term, applied to 
‘metamorphic or ‘igneous rocks formed by 
the process of crystallization from solid or 
liquid precursors (although certain ‘sedi¬ 
mentary rocks, e.g. some ‘limestones, may 
also be made up of crystalline grains, 
cemented by crystalline ‘cement). 


crystalline carbonate A ‘carbonate rock 
whose original sedimentary texture has been 
recrystallized (see recrystallization). See 
DUNHAM CLASSIFICATION. 

crystalline limestone See dunham 

CLASSIFICATION. 

crystalline remanent magnetization 

See CHEMICAL REMANENT MAGNETIZATION. 

crystallite A microscopic, often skeletal 
‘crystal which represents the initial form of 
crystalline material just after ‘nucleation 
has taken place in a ‘magma. Crystallites are 
usually preserved in volcanic ‘glass, which 
represents a quenched magma. ‘Quenching 
is the only way in which crystallites can be 

crystalloblastic A metamorphic ‘texture 
characterized by the mutual interference of 
polygonal grains which meet at ap¬ 
proximately 120° triple junctions. The tex¬ 
ture is produced during solid-state ‘crystal 
growth as a result of increasing the pressure 
on or temperature in the rock system. As the 
grains grow, they have to compromise in 
their competition for space and hence form 
the typical polyhedral grains with triple 
junctions. The texture can be ‘‘isotropic’ 
(no grain alignment) where there is no 
directed ‘stress during ‘metamorphism, or 
‘‘anisotropic’ (with grain alignment) where 
there is a directed stress during metamor¬ 
phism. 

crystallographic axes Axes used to define 
the position of a ‘crystal face in space by the 
intercepts of the face on three (or four) imagi¬ 
nary lines. 

crystallography The study of crystals, in¬ 
cluding their form, structure, habit, and sym- 

crystal symmetry In well-formed crystals, 
the symmetrically arranged faces reflect the 
internal arrangement of atoms. The symme¬ 
try of individual crystals is determined by ref¬ 
erence to three elements. The plane of 
symmetry (also called the ‘mirror plane’ or 
‘symmetry plane') is a plane by which the 
crystal may be divided into two halves which 
are mirror images of each other. The axis of 
symmetry is a line about which a crystal may 
be rotated through 360°/n until it assumes a 
congruent position; n may equal 2, 3,4, or 6 
(but not 1), depending on the number of 
times the congruent position is repeated. 
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These correspond respectively to 2-fold (diad), 
3-fold (triad), 4-fold (tetrad), and 6-fold (hexad) 
axes. The centre of symmetry is a central 
point which is present when all faces or edges 
occur in parallel pairs on opposite sides of the 
crystal. Using these elements of symmetry, 
crystallographers have recognized 32 *crys- 
tal classes and seven ‘crystal systems. Sym¬ 
metry is highest (high symmetry) in the 
‘cubic system, where many elements are re¬ 
peated, and lowest (low symmetry) in the ‘tri¬ 
clinic system, where only a centre of 
symmetry may be present (i.e. there may be 
no plane or axis of symmetry). 



Crystal symmetry 


crystal system (crystal group) One of the 

seven systems or groups into which crystals 
can be placed by reference to their ‘crystal¬ 
lographic axes. It is possible to arrange the 
14 ‘Bravais lattices into seven systems 
(groups) each characterized by a primitive 
(p) lattice. 

crystal twinning Feature, common to 
many single crystals, where the crystal ‘lattice 
is differently orientated in two or more parts 
of the crystal, e.g. twin plane, twin axis, etc., 
and simple or multiple twins. See aibite twin; 
CARLSBAD twin; COMPLEX TWINS; CONTACT 

twin; deformation twinning; geniculate 
twin; growth twinning; interpenetrant 
twin; mimetictwins; normal twins; parallel 
twins; pericline twinning; swallowtail 
twinning; transformation twinning; twin 
axis; twin law; and twin plane. 


crystal zoning A ‘texture developed in 
‘solid-solution minerals and characterized 
optically by changes in the colour or ‘extinc¬ 
tion angle of the mineral from the core to the 
rim. This optical zoning is a reflection of 
chemical zoning in the mineral. For example, 
a ‘plagioclase can be zoned from a Ca-rich 
core to an Na-rich rim. Zoning results from 
the mineral’s inability to maintain chemical 
equilibrium with a ‘magma during rapid 
cooling; the zonation represents a frozen pic- 

that mineral. Zoning can be of three types, 
the first two applying mostly to plagioclase 
feldspars, (a) Normal zoning is where the 
mineral is zoned from a high-temperature 
core composition to a low-temperature rim 
composition, (b) Reverse zoning is where a 
mineral is zoned from a low-temperature 
core composition to a high-temperature rim 
composition, (c) Oscillatory zoning is where 
the mineral chemistry continuously oscil¬ 
lates between high- and low-temperature 
compositions going from the core to the rim. 

CST See constant-separation traversing. 
CTD An instrument for measuring sea-water 
conductivity (from which * salinity can be cal¬ 
culated), temperature, and depth (actually, 
pressure). A sensor unit is lowered through 
the water on the end of an electrical conduc¬ 
tor cable which transmits the information to 
indicating and recording units on board ship, 
cube A hexahedral crystal shape or form 
which can be referred to three axes of equal 
length which intersect at right angles. 
cubic (isometric) One of the seven ‘crystal 
systems and the one with the highest number 
of symmetry elements present. It is charac¬ 
terized by four triad axes of symmetry, and 
requires three ‘crystallographic axes of 
equal lengths intersecting at right angles, 
cubichnia A category of ‘trace fossils that 
mark the temporary resting places of various 
organisms. 

cuesta Asymmetric land-form consisting of 
a steep scarp slope, and a more gentle dip (or 
back) slope. It is typical of areas underlain by 
strata of varying resistance that are dipping 
gently in one direction, and is intermediate 
between the flat-topped ‘mesa and ‘butte, 
and the more symmetric ridge form of the 
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10-'" per year (e.g. 2 “U is 9.72, «Kis 5.31, » 7 Rb 
is 0.139, and 238 U is 1.54). The total lifetime of 

be specified; in theory it fs infinite. It is a sim- 

half of the radioactive parent^toms in a 
tem to decay. This is called the 'half-life’ 
which is related to the decay constant by the 
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destructive margin 


cyclones, or cyclonic systems, and have a 
characteristic pattern of wind circulation 
(anticlockwise around low pressure areas in 
the northern hemisphere). Mid-latitude de¬ 
pressions are associated with the conver¬ 
gence of polar and tropical * air masses along 
a frontal zone: this commonly becomes de¬ 
formed, and each air mass in turn advances 
over parts near (especially south of) the de¬ 
pression path, bringing first a warm and then 
a cold front. 2 . The downward convexing of a 
*crest line in a non-*cylindroidal fold, 
depression angle In *radar terminology, 
the angle between the horizontal plane pass¬ 
ing through the radar antenna and the line 
between the antenna and object. Compare 

depth point A subsurface point on a 
reflector which contributes to a reflection 
event on a *seismic trace. See common depth 

deranged drainage An original ‘drainage 
pattern that has been deranged or disturbed 
by the intervention of external factors such as 
tectonic activity and glaciation, 
derived 1. As applied to ‘fossils, a term 
implying that material has been fossilized 
elsewhere, eroded from its original site, and 
then incorporated in another, younger, geo¬ 
logical horizon. The terms ‘reworked’ and ‘re- 
manie' are sometimes used as alternatives. 
2 . See apomorph. See also cladistics. 
dermal bone See bone. 
dermal denticle See placoid scale. 
dermatocranium See cranium. 

Derryan See atokan. 

desalination A series of processes whereby 
salt water is rendered potable. 

Desdemona (Uranus X) One of the lesser 
satellites of ‘Uranus, with a diameter of 
29 km. It was discovered in 1986. 
desert A term which has no precise definition. 
Deserts maybe thought ofin terms ofbiomes in 
which evaporation exceeds the average precipi¬ 
tation. The rate of evaporation varies with tem¬ 
perature, but desert conditions are likely to 
develop wherever precipitation is less than 
250 mm/yr. Typically, precipitation in deserts 
is very erratic. Plants and animals are either ab¬ 
sent or sparsely distributed, and are adapted to 
long droughts or to a lack of access to free water. 


desertification The spread of ‘desert-like 
conditions, particularly in arid or semi-arid 
areas, due to the influence of human activity 
and climatic change. 

desert pavement A thin covering of 
gravel and stones found in many desert areas, 
left after erosion by wind and water has re¬ 
moved the finer soil materials, 
desert rose A radiating series of petal¬ 
shaped ‘calcite or ‘gypsum ‘minerals, some¬ 
times resembling the form of a rose, developed 
in the early stages of sand ‘diagenesis in arid 
regions, and particularly in ‘sabkhas. 
desert varnish Thin, dark surface veneer of 
iron and manganese oxides which coats 
exposed rocks, especially in hot deserts. It 
results from the surface precipitation of min¬ 
erals released from the rock by ‘chemical 
weathering. 

desiccation Long-term loss of water asso¬ 
ciated with regional climatic change, 
desiccation cracks (mud-cracks, shrink¬ 
age cracks, sun-cracks, syneresis cracks) The 

polygonal-shaped cracks developed in mud 
which has dried out in a terrestrial environ¬ 
ment. They are most often preserved when 
loose sand infills the cracks and then buries 
the desiccated mud surface. 

Desmarest, Nicolas (1725-1815) French 
encyclopaedist and amateur geologist who 
did field-work and mapping in the Auvergne, 
where he recognized that ‘basalt was associ¬ 
ated with lava flows. He realized that the 
hexagonal cracks in basalt were the result of 
cooling. 

desmodont Applied to a type of ‘hinge 
condition found in certain ‘bivalves in which 
the teeth are very small or lacking, and ridges 
may have replaced them. The ligament may 
be supported by a ‘chondrophore. 
Desmoinesian A ‘series (306.5-308 Ma ago) 
in the ‘Pennsylvanian of N. America, under¬ 
lain by the ‘Atokan, followed by the ‘Mis¬ 
sourian, and roughly contemporaneous with 
the Podolskian and Myachkovskian Stages of 
the ‘Moscovian Series. 

Despina (Neptune V) Asatellite of ‘Neptune, 
with a diameter of 148 km; visual albedo 0.06. 
desquamation See weathering. 
destructive margin The contact between 
two lithospheric ‘plates which are moving 
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dispersion 1. The spreading of a body of 
water as it flows. Lateral dispersion is the 
widening of the path taken by *groundwater 
as it flows from a known point of origin 
through a rock ‘matrix, due to its movement 
around individual mineral grains within the 
main rock body. Unless it flows in well-defined 
fissures or fractures, water does not travel 
through a rock in a straight line but is forced 
to flow across a widening front because of the 
granular nature of the rock matrix. Longitu¬ 
dinal dispersion is the spreading out of a body 
of water along its own flow path, due to the 
differences in water velocities in larger and 
smaller pores of the rock. Both modes of dis¬ 
persion are normally observed by means of 
‘tracers. Lateral and longitudinal dispersion 
also occur in river ‘channels, where they are 
due to differences in ‘flow velocity across the 
channel and between the water surface and 
the bed, and also to random fluctuations in 
velocity caused by turbulent eddies. 

2 . The process of separating soil particles (as 
in ‘aggregates) from each other so that they 
may react as individual particles. Aggregates 
or *peds of soil particles are destroyed by dis¬ 
persion (and their formation is initiated by 
flocculation). 

3 . The distortion of a wave train that occurs 
when velocity varies with frequency and con¬ 
sequently the ‘phase velocity is not the same 
as the ‘group velocity. There is minimal dis¬ 
persion for most ‘body waves (although elec¬ 
tromagnetic body waves are subject to 
considerable dispersion) but it is important 
for ‘surface waves, especially ‘Love waves, 
particularly in the presence of velocity¬ 
layering near the surface. 

4 . In ‘mineral optics, a measure of the differ¬ 
ence in ‘refractive index, determined by di¬ 
rect observation of the biaxial ‘interference 
figure using the two extreme wavelengths of 
the visible spectrum (red and violet). Both ‘is¬ 
ogyres are observed for red and violet tints. 

5 . See swell. 

displaced terrane See terrane. 
displacement The relative movement on 
either side of a ‘fault plane; it may be in any 
direction parallel to the plane. The finite dis¬ 
placement on a fault plane is defined by a 
straight line connecting the positions of the 
initial and final points, 
displacive transformation See polymor¬ 
phic TRANSFORMATION. 
di„See diopside. 


disseminated deposit Deposit in which 
usually fine-grained ‘ore minerals are scat¬ 
tered throughout the rock. Large, dissemi¬ 
nated deposits form important sources of ore, 
e.g. ‘porphyry copper deposits, 
dissepiment 1 . In ‘corals, one of the small, 
horizontal, domed plates which form cyst¬ 
like enclosures around the edge of a ‘coral- 
lite and which do not extend right across the 
corallite. 2 . In ‘graptolites, a strand of chiti- 
nous material which connects adjacent 
branches in a ‘dendroid colony, 
dissepimentarium The part of the inte¬ 
rior of a ‘corallite that is occupied by small 
plates (dissepiments) which are convex to¬ 
wards the axis of the corallite. 
dissipation trail (distrail) Phenomenon of 
cloud evaporation caused by exhaust heat in 
the rear of an aircraft flight path. See also con¬ 
densation trail. 

dissolved load The part of a river’s total 
load that is carried in solution. Five ‘ions 
normally constitute approximately 90% of 
the dissolved load: chloride (Cl*), sulphate 
(S0 4 ~ 2 ), dissolved bicarbonate (HC0 3 “), sodium 
(Na + ), and calcium (Ca 2+ ). Generally the load is 
at its maximum concentration during low- 
discharge conditions when ‘groundwater is 
the main source of flow, 
dissolved-oxygen level The concentra¬ 
tion of oxygen held in solution in water. Usu¬ 
ally it is measured in mg/1 (sometimes in 
pg/m 3 ) or expressed as a percentage of the sat¬ 
uration value for a given water temperature. 
The dissolved-oxygen level is an important 
first indicator of water quality. In general, 
oxygen levels decline as pollution increases, 
distal Applied to a depositional environ¬ 
ment sited at the furthest position from the 
source area, and generally characterized by 
fine-grained sediments. Compare proximal. 
distributary channel A natural stream 
channel that branches from a trunk stream 
which it may or may not rejoin. It occurs typ¬ 
ically on the surface of an ‘alluvial fan or 
‘delta, where it maybe part of a complex, fan¬ 
shaped network that distributes the dis¬ 
charge and sediment load of the main 
channel among many small distributary 
channels between which a variable assemblage 
of bays, lakes, ‘tidal flats, or marshes may 
exist. The larger distributary channels show 
‘crevasse splays and ‘levees. See anabranch- 
ING CHANNEL. 
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Dollo, Louis Antoine Marie Joseph 

(1857-1931) Born in France, Dollo became a 
professor at the University of Brussels. He was 
a palaeontologist whose maj or interest was in 
the development and evolution of fossil rep¬ 
tiles. He also worked on other fossil verte¬ 
brates and modern "marsupials, especially 
the structure of their limbs. 

Dollo's law Evolutionary irreversibility: 
once regarded as inevitable, but now consid¬ 
ered to apply mainly in special cases. The po¬ 
tential for further useful mutation may well 
be very limited in highly specialized organ¬ 
isms, since only those mutations that will 
allow the organism to continue in its narrow 
niche will normally be functionally possible. 
In such cases there is therefore a self-perpetu¬ 
ating, almost irreversible, evolutionary 
trend, so much so that it is regarded virtually 
as a law, ‘Dollo’s law’ (after the palaeontolo¬ 
gist Louis "Dollo). The trend results from 
steady directional selective pressure, or "or¬ 
thoselection reinforced by specialization, or 
developmental canalization (see canalizing 
selection). 

dololithite A "dolomite composed of *de- 
trital dolomite fragments derived from the 
"weathering and "erosion of pre-existing 
dolomites. 

Dolomieu, Deodat de Gratet de 

(1750-1801) French explorer and mineralo¬ 
gist, who became Professor of Mineralogy at 
the Jardin du Roi in Paris. He gave his name to 
the mineral "dolomite and to the Dolomite 
Alps. 

dolomite 1. (pearlspar) Widely distributed 
rock-forming "mineral, CaMg(C0 3 ) 2 ; sp. gr. 
2.8-2.9; "hardness 3.5-4.0; "trigonal; usually 
white or colourless, but can be yellowish and 
brown; white "streak; "vitreous "lustre; crys¬ 
tals are usually rhombohedral with curved, 
composite faces, also occurs "massive and 
granular; "cleavage perfect rhombohedral 
{1011}; usually * secondary, having formed by 
the action of magnesium-bearing solutions 
on "limestones ("dolomitization), also oc¬ 
curs as a "gangue mineral in "hydrothermal 
veins particularly associated with "galena and 
"sphalerite. It dissolves very slowly in cold, di¬ 
lute acid, but effervesces very readily when 
warmed. It is used as a building stone and 
in the manufacture of bricks for furnaces. 
2. (dolostone) A "sedimentary rock type, 
usually formed by the "dolomitization of "lime¬ 
stones, and commonly occurring interbedded 


with them. Most limestones contain some 
magnesium carbonate and strictly the term 
‘dolomite’ refers to rocks containing 90% or 
more of the mineral dolomite (see 1). Dolomite 
that has formed soon after deposition tends to 
be fine-grained and to have preserved the orig¬ 
inal "sedimentary structures, whereas "re¬ 
crystallization in late-diagenetic dolomites 
produces a coarser-grained rock, a loss of sedi¬ 
mentary structures, and an increases in 
"porosity. See also ankerite. 
dolomitization The transformation of 
"limestone to "dolomite (1), by the conver¬ 
sion of CaC0 3 to CaMg(C0 3 ) 2 . This occurs by 
the addition of magnesium to the sediment 
or rock and may take place soon after deposi¬ 
tion or at various stages during "diagenesis. 
Dolomitization is thought to occur in 
"supratidal areas where sea water is drawn 
into the sediment and evaporation results in 
a high ratio of magnesium to calcium in the 
pore waters. Deeply buried limestone may be¬ 
come dolomitized if a mixture of fresh water 
and sea water passes through the rock. 
Dolomitization results in a 13% increase in 
"porosity, making dolomites important 
"reservoir rocks. 

domain The primary taxonomic division of 
living systems. There are three domains: "Ar- 
chaea, "Eubacteria, and "Eucaryota. 
domal uplift The upwarping of an area in 
the form of a dome. Domal uplifts are usually 
about 1 km high, and 10 a -10 3 km across, and 
are characterized by negative "gravity anom¬ 
alies and by alkaline "volcanicity. Domal up¬ 
lifts may also have a radiating system of "rift 
valleys, and many are thought to be precur¬ 
sors of continental rifting, leading to the de¬ 
velopment of an ocean basin, and thus 
represent the first stage of the "Wilson cycle, 
dome 1. "Anticlinal structure which 
plunges in all directions. 

2. (volcanic dome, tholoid) A mound of vis¬ 
cous "lava, usually "rhyolite in composition, 
which has grown and built up over a vent. The 
mound of solid lava is covered by coarse, an¬ 
gular blocks which form by chilling and brec- 
ciation of the growing dome’s surface. The 
blocks accumulate around the growing dome 
to produce a "scree slope of crumble "brec¬ 
cia. Domes can grow by repeated injection of 
"magma into the dome body (endogenous 
dome) or by repeated eruption of small vol¬ 
umes of "magma from the surface of the 
dome (exogenous dome). 
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3. (salt dome) A circular or elongate plug, 1-2 
km in diameter but extending downwards for 
many kilometres, formed by the upward 
movement of buoyant and less dense evapor- 
itic material (commonly ‘halite) into denser 
overlying rocks. The diapiric movement (see di- 
apir) may be initiated by tectonic thickening. 

4. A special form of ‘crystal development 
characterized by two roof-like faces symmetri¬ 
cal about a plane of symmetry. The faces are re¬ 
peated once only about an ‘axis of symmetry. 

5. See pericline. 


dome and basin See interperence pattern. 
dome-crescent-mushroom See crescent- 
and-mushroom; and interperence pattern. 
domichnia A category of traces (see trace 
fossil) made by animals in the creation of a 
permanent dwelling structure. The ‘borings 
of bivalves (‘Bivalvia) such as Fholas are in¬ 
cluded in this category. 

Dominian Reef See randian. 

Donau A period of glaciation which oc¬ 
curred at about the beginning of the ‘Pleis¬ 
tocene. It may correspond to the ‘Nebraskan 
Stage in N. America. Evidence of it has largely 
been removed by later glacial episodes. 
Donau/Giinz Interglacial An ‘inter¬ 
glacial ‘stage of the Alpine areas that may be 
equivalent to the ‘Waalian of northern Eu¬ 
rope and the ‘Aftonian of N. America. 
Doppler radar A device that measures the 
‘Doppler shift in a radar beam reflected from 
water droplets on either side of a rotating 
‘mesocyclone or ‘tornado. Angular velocity 
can be calculated from the extent of the red 
shift on one side and blue shift on the other. 
Doppler shift The apparent change in fre¬ 
quency of waves whose source is moving to¬ 
wards or away from an observer. It was first 
described by the Austrian physicist Christian 
Doppler (1803-53). 

Dorogomilovskian A ‘stage (303.9-305 
Ma ago) in the ‘Kasimovian Epoch, preceded 
by the ‘Chamovnicheskian and followed by 
the ‘Klazminskian (‘Gzhelian Epoch), 
dorsal Towards the upper surface of an or¬ 
ganism (in vertebrates the side of the animal 
closest to the spine); the opposite of‘ventral, 
dorsum The inner margin of an ammonoid 
(see ammonoidea) shell; the opposite margin 


dot chart A semi-circular, transparent 
overlay with points proportional to the 
distance from a central point. It is used to 
determine potential effects, particularly for 
assisting in calculating the ‘topographic 
correction in gravity surveys. The elevation 
and density are determined for each point 
and assumed to be typical for the area imme¬ 
diately surrounding the point. 

Dott classification A widely used 
classification of ‘sandstone types which di¬ 
vides sandstones into arenites (less than 15% 
of rock is mud ‘matrix) and wackes (more 
than 15% but less than 75% of the rock is mud 
matrix). The arenites are subdivided into 
quartz arenite (more than 95% ‘quartz 
grains), arkosic arenite (more than 25% 
‘feldspar and more feldspar than rock frag¬ 
ments), subarkose arenite (5-25% feldspar 
grains and more feldspar than rock frag¬ 
ments), lithic arenite (more than 25% rock 
fragments and more rock fragments than 
feldspar), and sublitharenite (5-25% rock 
fragments and more rock fragments than 
feldspar). The wackes are divided into quartz 
wacke (more than 95% quartz grains), lithic 
wacke (more than 5% rock fragments and 
more rock fragments than feldspar), and 
feldspathic (arkosic) wackes (more than 5% 
feldspar and more feldspar than rock frag- 

double core barrel See core barrel. 
double couple (Type II earthquake source) 

A seismic wave pattern, consisting of 
four lobes (for *P-waves) and four lobes (for 
*S-waves) of alternate compression and 
dilation, which is generated by movement 
along two ‘fault planes at right angles to 
each other. Compare single couple. 
double planation In tropical areas, 
‘weathering below the surface at the basal 
‘weathering front is one level of planation, 
whereas on the land surface weathered mate¬ 
rial can be modified by wind and water 
processes and this provides a second level of 
planation. Climate and local conditions 
determine the relative rates of development 
of these two levels of planation, and they can 
contribute to the production of an ‘etch- 

double refraction See birefringence. 

double sulphides See sulphides. 
double zig-zag See interference pattern. 
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El Nino 


particles within a stationary liquid. The liq¬ 
uid may be a normal solution or held upon a 
porous medium (e.g. starch, acrylamide gel, 
or cellulose acetate). The rate at which migra¬ 
tion occurs varies according to the charge on 
the particle and also its size and shape. The 
phenomenon is exploited in a variety of ana¬ 
lytical and preparative techniques employed 
in studies of macromolecules, 
electropositive element An element 
whose ‘electrode potential is more positive 
than that of the standard hydrogen electrode 
which is assigned an arbitrary value of zero. 
Electropositive elements tend to lose ‘elec¬ 
trons and form positive ‘ions, e.g. the univa¬ 
lent alkali metals Li + , Na + , K + , etc., and the 
divalent alkaline-earth metals Be 2 *, Mg 2+ , 
Ca 2+ . Compare electronegativity. 

Elektro The name of a Russian meteorologi¬ 
cal satellite that was launched into ‘geosta¬ 
tionary orbit in 1994 to monitor conditions 
over the Indian Ocean. It failed to transmit 
any data and was shut down in 1998. 
eleutherozoan Applied to unattached 
echinoderms. Used informally, and in some 
classifications Eleutherozoa is a subphylum of 
the ‘Echinodermata. Compare pelmatazoan. 
elevation correction 1. The correction 
applied to a measurement of gravitational at¬ 
traction to allow for the distance to the sta¬ 
tion from the theoretical reference surface 
and for the attraction of the rocks in this 
zone. It is a combination of the *free-air and 
‘Bouguer corrections. 

2. (static correction) The correction which is 
made to seismic travel-time data to compen¬ 
sate for irregular topography and to reduce 
the data to a common ‘datum. Land ‘statics’ 
are extremely important in seismic surveying 
on land. As part ofa ‘statics’ survey, refraction 
shooting is undertaken to determine the 
depth and velocity of the weathered zone (the 
low velocity layer, or LVL). This is done in order 
to design more effective seismic source para¬ 
meters (e.g. ideally, the shot depth should be 
below the weathered layer) thereby optimiz¬ 
ing the seismic reflection surveys which are 
undertaken after an LVL survey. In marine 
surveys, marine ‘statics govern the source- 
hydrophone geometry and provide a correc¬ 
tion for the finite ‘offset between the source 
‘arrays and the hydrophone ‘streamer, 
elevation head See elevation potential 


elevation potential energy (elevation 

head) The energy possessed by a mass, e.g. a 
body of water, by virtue of its being raised 
above a particular datum point, usually 
taken as either sea level or local ground level. 
The energy may be released when the mass is 
allowed to fall to a lower level, and may be 
harnessed, e.g. in the case of water by power¬ 
ing a turbine in a hydroelectric scheme. Ele¬ 
vation head is the energy possessed by a unit 
weight of water at a point, due to this cause. 
See also Bernoulli equation; darcy’s law; 
and pressure head. 

Elie de Beaumont, Leonce (1798-1874) A 
French geologist who made a detailed study 
of European folded rocks, and concluded that 
these showed evidence of distinct mountain 
building episodes. His overly geometric treat¬ 
ment of the directions of mountain systems 
was criticized by his contemporaries, but his 
theory that the Earth is cooling, and there¬ 
fore shrinking, found wider support, 
elite In ‘ichnology, applied (a) to a structure 
constructed within a sediment by living or¬ 
ganisms that indicates a high level of biologi¬ 
cal activity because of its high content of 
oxygen or organic matter, and (b) to a ‘trace 
fossil that is more conspicuous than others 
nearby because some feature of its structure 
or composition has been emphasized by the 
processes of‘diagenesis, 
elliptical polarization In optical mineral¬ 
ogy, fight passing through a mineral may be 
split into two rays. The velocity of one ray is 
uniform in all directions, to give a spherical 
wavefront; the other ray varies in velocity with 
direction, to give an ellipsoidal wavefront. 
Elliptical sections so produced are used to de¬ 
termine the optical properties of minerals, 
ellipticity See principal strain ratio. 

El Nino Aweakening, or in extreme cases re¬ 
versal in direction, of the prevailing south¬ 
easterly ‘trade winds over the equatorial 
South Pacific Ocean that is associated with a 
change in the distribution of air pressure over 
the South Pacific. The change in pressure dis¬ 
tribution is known as a ‘southern oscillation. 
A similar phenomenon may also occur in the 
Atlantic. Approximately once every seven 
years, during the Christmas season (the name 
refers to the Christ child), prevailing trade 
winds weaken and the ‘Equatorial counter- 
current strengthens. Warm surface waters, 
normally driven westward by the wind to 
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Entoprocta (phylum *Bryozoa) Subphylum 
of freshwater bryozoans which entirely lack a 
mineralized skeleton. The lophophore sur¬ 
rounds both the anus and the mouth. Many 
fossil forms are known, but the subphylum is 
known only from the *Cenozoic. Formerly 
the Entoprocta was classified as a separate an¬ 
imal phylum, although its many resem¬ 
blances to the Bryozoa were recognized, 
entrainment Process by which air from the 
environment outside a growing cloud is 
caught into the rising convective current 
within the cloud and mixed with the cloudy 
air. This is significant in that it reduces the 
buoyancy of the rising current and causes 
cloud growth by reason of the cooler, drier air 
which is introduced. This also causes some 
evaporation of cloud droplets. When very dry 
air is introduced, entrainment can produce 
rapid dissipation of the cloud, 
entrenched meander See meander. 
entropy 1 . Measure of disorder or unavail¬ 
able energy in a thermodynamic system; the 
measure of increasing disorganization of the 
universe. 2 . See least-work principle; and 

LEAST-WORK PROFILE. 

environmental geology Study of the 
problems resulting from natural hazards and 
human exploitation of the natural environ¬ 
ment. The geologic techniques used include 
those of engineering geology, economic geol¬ 
ogy, hydrogeology, etc., as applied to waste 
disposal, water resources, transport, build¬ 
ing, mining, and general land use. 
environmental lapse rate (ELR) The rate 
at which the air temperature changes with 
height in the atmosphere surrounding a cloud 
or a rising ‘parcel of air. The overall average 
rate is a decrease of about 6,5 °C/km, but the 
rate varies greatly in different regions of the 
world, in different airstreams, and at different 
seasons of the year. Where the lapse rate of tem¬ 
perature is negative (temperature increases 
with height), an inversion is said to exist. 
Eobactrites sandbergeri Recorded from 
the Lower ‘Ordovician of Czechoslovakia, 
E. sandbergeri is the species thought by some 
workers to be the earliest representative of 
the cephalopod molluscs, the ‘Ammonoidea. 
Eobactrites was a straight-shelled form with no 
internal deposits related to buoyancy control. 
Eocambrian Little-used term employed in 
the description of sequences of unfossilifer- 


ous rocks that were deposited at the end of 
the ‘Precambrian. 

Eocene ‘Tertiary ‘epoch which began at 
the end of the ‘Palaeocene (55.8 Ma) and 
ended at the beginning of the ‘Oligocene 
(33.9Ma). It is noted for the expansion of 
mammalian stocks (horses, bats, and whales 
appeared during this epoch), and the local 
abundance of ‘nummulites (marine proto¬ 
zoans of the ‘Foraminiferida). The Eocene 
Epoch is divided into the ‘Ypresian, ‘Lutet¬ 
ian, ‘Bartonian, and ‘Priabonian ‘Ages. 
Eocrinoidea (subphylum Blastozoa) Ex¬ 
tinct class of ‘cystoid-lilce ‘echinoderms, 
with ‘radial symmetry, which range in age 
from Lower ‘Cambrian to Middle ‘Silurian 
(Lower ‘Palaeozoic). Their globular or flat¬ 
tened ‘thecae are composed of numerous, ir¬ 
regularly arranged plates that lack the thecal 
pores typical of cystoids, and their sutural 
pores (i.e. those at plate margins) are unlike 
those of cystoids. Food grooves are extended 
on an exothecal skeleton of erect, un¬ 
branched, ‘biserial, food-gathering ap¬ 
pendages (called ‘brachioles), which are not 
homologous with the arms of‘crinoids. The 
eocrinoids are the earliest blastozoans and 
may have included ancestors to other cystoid 
groups, possibly to crinoids also, but the 
question is still unresolved, 
eocrinoids See eocrinoidea. 

Eodelphis Known from the Upper ‘Creta¬ 
ceous of N. America, Eodelphis is a genus of 
early opossums, ‘marsupials with long pre¬ 
hensile tails. Opossums are arboreal in habit 
and are thought to represent the ideal stem 
stock from which evolved the whole marsu¬ 
pial group. Several species of Eodelphis are 
known from the Milk River Formation (Upper 
Cretaceous) of Alberta. The teeth of Eodelphis 
are sharply cusped and somewhat primitive 

Eoembryophytic An epoch in the evolu¬ 
tion of plants, proposed in 1993 by J. Gray, 
that lasted from the early Llanvirn (about 
471.8 Ma) in the middle ‘Ordovician to the 
late Llandovery (about 428.2 Ma) in the Early 
Silurian. Fossil tetrads comprising four 
spores bound by a membrane make their first 
appearance during this epoch and occur over 
a wide geographic range. 

'Eohippus' See equidae; and hyracotherium. 
eolian See aeolian. 




















































































Euler pole See 
eulite See or 
eulysiteA*: 
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which are best seen in southern Sweden (Sca¬ 
nia), on the Danish island of Bornholm, and 
in southern Poland. 

Fennoscandian uplift The uplift of 
Fennoscandinavia as a consequence of the 
inflow of ‘mantle in order to return to ‘iso¬ 
static balance following unloading of the 
area as the ‘Pleistocene ice sheets melted, 
ferns See pteropsida. 
ferralitization See ferralization. 
ferralization (ferralitization) Part of the 
‘leaching process found in tropical soils, by 
which large amounts of iron and aluminium 
oxides accumulate in the B ‘horizon of such 
soils as krasnozems. 

Ferralsols A reference soil group in the soil 
classification scheme used by the *FAO. Fer¬ 
ralsols have a highly weathered ‘ferric hori¬ 
zon with high concentrations of iron and 
aluminium. 

ferric horizon In the soil classification 
used by the *FAO, a ‘soil horizon with dis¬ 
tinctive red mottling that is more than 15 cm 

f erricrete See duricrust. 
ferrimagnetism A ‘ferromagnetic sub¬ 
stance in which one of the two antiparallel 
magnetic lattices is stronger than the other, 
so that the substance has a net ‘remanent 
magnetization even in the absence of an ex¬ 
ternal magnetic field. ‘Magnetite is the com¬ 
monest ferrimagnetic rock mineral, 
f erro- A prefix attached to an ‘igneous rock 
name to indicate a particular abundance of 
iron-bearing ‘minerals, or a high whole-rock 
iron content. 

ferroactinolite See tremolite. 
ferroaugite See benmoreite. 
ferrohastingsite See nepheline syenite. 
f erromagnesian minerals ‘Silicate ‘min¬ 
erals in which ‘cations of iron and magne¬ 
sium form ‘essential chemical components. 
The term is used to cover such minerals as the 
‘olivines, ‘pyroxenes, ‘amphiboles, and the 
‘micas, ‘biotite and ‘phlogopite. 
ferromagnetic In the wide sense, applied 
to substances in which ‘electron spins are 
magnetically coupled by either exchange or 
super-exchange quantum-mechanical forces. 
Such materials can acquire a spontaneous 


magnetization which is much greater than 
either ‘diamagnetism or ‘paramagnetism. 
There are three types of ferromagnetism: 
‘ferromagnetism (in the strict sense); ‘ferri¬ 
magnetism; and ‘anti-ferromagnetism, 
ferromagnetism In the strict sense, mag¬ 
netism occurring in substances in which the 
‘electron spins are coupled by quantum- 
mechanical exchange forces so that, within 
a single volume element, all electron-spin 
vectors are in the same direction. Typical ma¬ 
terials are pure iron, nickel, and iron-nickel 
alloys found in ‘meteorites and lunar sam¬ 
ples. See also ferrimagnetism; and antiferro¬ 
magnetism. 

ferrosilite See orthopyroxene. 
fertility, soil Condition of a soil relative to 
the amount and availability to plants of 
elements necessary for plant growth. Soil fer¬ 
tility is affected by physical elements, e.g. sup¬ 
ply of moisture and oxygen, as well as by the 
supply of chemical plant nutrients. 
Ferungulata (class ‘Mammalia, infraclass 
•Eutheria) A cohort which is proposed on 
palaeontological grounds but regarded by 
some authorities as artificial, that includes 
the ‘Carnivora (all of the modern mammalian 
carnivores), the primitive ungulates (includ¬ 
ing the elephants and sea cows), the ‘Perisso- 
dactyla (tapirs, rhinoceroses, horses, etc.), and 
the ‘Artiodactyla (pigs, camels, cattle, etc.), 
which are believed to have arisen from a com¬ 
mon population in the ‘Palaeocene. 
fetch 1 . Length of water surface over which 
the wind blows in generating waves. Together 
with wind velocity and duration, this deter¬ 
mines wave height. Many features of coastal 
deposition tend to become orientated nor¬ 
mally to the direction of maximum fetch. 
2 . Distance over which an air stream has 
travelled across sea or ocean. 

Ff estiniogian See maentwrogian. 

FFT See fast Fourier transform. 
fiamme Flattened, elongate, ‘pumice 
‘clasts that are found in many welded *ig- 
nimbrites. The pumice clasts, which are in a 
hot, plastic state when deposited from the 
‘pyroclastic flow, are compressed and flat¬ 
tened by the weight of the overlying ig- 
nimbrite body, producing elongated glassy 
clasts with ragged, flame-like ends (fiamme is 
the Italian word for ‘flame’). Many fiamme 
clasts continue to vesiculate after formation, 
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decreases with height above the base. Compare 
coarsening-upward succession, 
finite resource See non-renewable 
resource. 

finite strain The total amount of *strain 
which has accumulated incrementally over a 
period through the addition of many smaller 
strains. The investigation of present-day rock 
structures involves the analysis of finite 
strain states which are evaluated by reference 
to natural objects whose original shape is 
known. 

fiord (fjord) Long, narrow, deep, U-shaped 
coastal inlet which usually represents the 
seaward end of a glaciated valley that has 
been partially submerged. The water depths 
often exceed 1000 m except near the mouth 
where a bar or sill may be present, 
fire-ball Avery bright ‘meteor, approximat¬ 
ing the average magnitude (brightness) of 
Venus. See also bolide. 

fire-fountain A continuous spray of dis¬ 
rupting ‘magma through a vent to form a 
persistent fountain of molten magma above 
the vent. The fountain, which may rise to 
200m, is supported either by the hydrostatic 
pressure of magma in the upper levels of the 
main volcanic superstructure, or by expand¬ 
ing gas released from the magma during the 
‘eruption. Fall-out from the column pro¬ 
duces a * spatter rampart around the vent and 
if the accumulation rate is high the molten 
spatter may coagulate to form a flow of‘lava 
(a ‘clastogenic flow’). 

f irn (neve) Snowthathas survived a summer 
melting season. It is an intermediate material 
in the conversion of snow to glacial ice. Nor¬ 
mally it is granular, due to the partial melt, 
firn limit See firn line. 
firn line (annual snow-line, firn limit)Aline 
on a ‘glacier marking the upper limit to 
which winter snowfall melts during the sum¬ 
mer ‘ablation season. It is often clearly 
marked, and on many glaciers separates 
hard, blue ice below from snow above, 
firn wind (glacier wind) Downhill airflow 
which develops over a glacier during the day, 
usually in summer. The greater air density 
over the glacier than over the surrounding 
surfaces causes this air to sink, 
first arrival See first break. 


first break (first arrival) The first wave from 
a discrete seismic-source impulse, naturally 
or artificially generated, that is recorded at 
a seismic detector. First breaks are used in 
‘seismic refraction surveying. See break. 
firth See fiard. 

fish An instrument package towed behind a 
ship so that the measurements are unaf¬ 
fected by the ship and its equipment. A fish 
commonly contains a ‘magnetometer and 
‘side-scan sonar. 

Fisher, Osmond (1817-1914) An Anglican 
clergyman, Fisher was the author of the first 
textbook on ‘geophysics: The Physics of the 
Earth's Crust (1881). He argued that the Earth 
had a thin crust, and that convection cur¬ 
rents in the fluid interior were the cause of 
mountain building, ‘rifts, etc. He postulated 
that the ‘Moon had been torn from the 
Pacific, causing the continents to be pulled 

fish-hook beach See zeta-form beach. 
fish-tail bit A drill ‘bit used for cutting 
through soft sediments, 
fissility Ability of rock materials to split. 
The term is applied to ‘shales, flags, ‘slates, 
and ‘schists. 

fission Splitting of a heavy atomic nucleus 
by collision, with the ejection of two or 
more neutrons, and the release of much 

fission hypothesis One of the three classi¬ 
cal hypotheses for lunar origin. Proposed by 
George Darwin in 1879, it derives the ‘Moon 
from the silicate ‘mantle of the ‘Earth, fol¬ 
lowing ‘core separation. Although this ac¬ 
counts for the low density of and paucity of 
metallic iron in the Moon, the process re¬ 
quires about four times the observed ‘angu¬ 
lar momentum of the present Earth-Moon 
system. Detailed compositional differences 
between the Moon and the terrestrial mantle, 
from the Apollo data, appear fatal to the 
hypothesis. 

fission-track dating Charged particles, 
from the spontaneous fission of 23B U in ‘min¬ 
erals and in natural and synthetic ‘glasses, 
leave a trail of damage (fission tracks, radia¬ 
tion tracks) as they travel through a solid 
medium. This is the result of the transfer of en¬ 
ergy from the particles to the atoms of the 
medium. These tracks, suitably enlarged by 
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etching, can be seen in some minerals by using 
a petrological microscope (see polarizing mi¬ 
croscope). The number of tracks per unit area 
is a function of the age of the specimen and its 
uranium concentration, provided that it 
cooled rapidly on formation and has not been 
reheated at a later date. The uranium concen¬ 
tration can be measured by counting tracks 
produced by fission of 235 U caused by irradia¬ 
tion of the specimen with thermal neutrons in 
a nuclear reactor. Fission-track dates can, by 
this method, be obtained for minerals such as 
*micas, ‘apatite, *sphene, ‘epidote, and ‘zir¬ 
con. The dates obtained are ‘cooling ages’ and 
indicate the time elapsed since the tempera¬ 
ture dropped below the 50% track retention 
value; the tracks are known to fade by anneal¬ 
ing of solids at elevated temperatures. The 
method can also be used to date ‘tektites, 
volcanic glass, and some archaeological 

fissure volcano A linear fracture on the 
Earth's surface through which ‘lavas, *pyro- 
clastics, and gas are erupted and effused. The 
eruptive products accumulate most thickly 
along the linear fracture and build up an 
elongate, low-angle shield or higher-angle 
cone topography, constituting the volcanic 
pile. In addition to ‘eruptions from the main 
fissure, material can be erupted from sec¬ 
ondary fissures developed locally within the 
growing volcanic pile and radiating from the 
trend of the main fissure. See also central 
vent volcano; and volcano. 
fixation (pedol.) Soil process by which cer¬ 
tain nutrient chemicals required by plants 
are changed from a soluble and available 
form into a much less soluble and almost un¬ 
available form. 

fixed-source method A geophysical ex¬ 
ploration method in which the source (trans¬ 
mitter) is kept at a fixed position and a 
detector (receiver) is moved over the survey 
area to take measurements which are then 
plotted as profiles or maps. Electromagnetic 
methods such as *VLF and the ‘TURAM tech¬ 
nique are examples of fixed-source methods. 
Compare moving-source method. 
f ixigena See cephalon. 
fjard See fiard. 
fjord See fiord. 

f-k space A means of representing 
‘frequency-domain data in terms of the 


independent variables ‘frequency (/) and 
‘wavenumber (k). 

Fladbury A site in Worcestershire, England, 
where palaeontological and palaeozoologi- 
cal evidence suggests there was a barren, 
tundra-like landscape during a cold period 
following the ‘Upton Warren Interstadial. 
flakiness index (/ F ) The specification for 
stone for bituminous surfacing, applied to 
‘aggregate coarser than 6.5 mm. It is ex¬ 
pressed as the percentage by weight of parti¬ 
cles (in a sample of more than 200) whose 
smallest dimension is less than 0.6 times the 
mean dimension. 

flame photometry (flame spectrometry) 

A technique analogous to emission spectrom¬ 
etry, but using a flame to excite electrons, 
rather than an arc or plasma. It is a simple 
and straightforward analytical technique 
that is basically a quantitative version of a 
'flame test’. A known weight of sample is dis¬ 
solved in hydrofluoric acid and either per¬ 
chloric or sulphuric acids, portions of the 
solution are added to a flame, and the 
strength of emission of light of a particular 
wavelength produced by the potassium in 
the flame is recorded. This is then compared 
with those produced by standard solutions. 
The final results may be affected by sodium 
concentrations as well as by the sulphuric 
acid. Perchloric acid, iron, magnesium, alu¬ 
minium, and calcium also interfere with the 
potassium emission but their effects may be 
reduced by buffering and by the removal of 
interfering ‘ions. 

flame spectrometry See flame 

PHOTOMETRY. 

flame structure A sedimentary structure 
in which wavy tongues of mud, with shapes 
resembling flames, project into the rock 
above them, which is commonly a *sand- 

Flandrian The present ‘interglacial. Evi¬ 
dence suggests that the so-called post-glacial 
period, the warm phase following the last 
(‘Devensian) ice advance or cold phase, is 
more appropriately treated as another inter¬ 
glacial of the ‘Quaternary (or Late *Ceno- 
zoic) Ice Age. In Europe, the warmest 
Flandrian stage occurred during ‘Atlantic 
times, about 6 000 BP (the Hypsithermal is 
the equivalent N. American climatic opti¬ 
mum). No consensus view exists as to when 
the ice advance or extreme cold conditions 










219 































221 










222 









































































227 


fracture zone 


fossil-Lagerstatte See LAGERSTATTE. 
fossula A gap or depression in the floor or 
*calyx of a rugose coral (*Rugosa). It may be 
formed by the absence of septa (see septum) in 
a particular part of the calyx, 
foundation Lowest part of a structure, 
below ground surface and in contact with 
natural earth materials, which transmits 
‘load to the soil or rock. In a dam the founda¬ 
tion may include the valley floor and abut- 

founder effect (peripatric speciation) The 

derivation of a new population (e.g. on an 
oceanic island) from a single individual or 
a limited number of immigrants. The 
founder(s) represent a very small sample of 
the ‘gene pool to which it or they formerly 
belonged. ‘Natural selection operating on 
this more restricted genetic variety yields 
gene combinations different from those 
found in the ancestral population, 
founder lineage In ‘phylogenetics, an an¬ 
cestral lineage, often still extant, from which 
other lineages have risen. The term is usually 
applied to intraspecific studies of popula¬ 
tions and used to describe operational taxo¬ 
nomic units that occur at ‘internal nodes of 
a ‘phylogenetic tree. 

fourchite An ‘intrusive ‘igneous rock con¬ 
sisting of essential titanaugite (titanium-rich 
‘augite) and ‘kaersutite (with or without 
‘biotite) set in a light-coloured base of *anal- 
cime or ‘glass. This rock type is a member of 
the alkali ‘lamprophyre group of rocks, 
which includes ‘camptonites, ‘monchiq- 
uites, and ‘alnoites. 

Fourier analysis The method whereby any 
periodic function can be broken down into a 
covergent trigonometric series of the form 
f(x) = aj 2 + ^""'(tinCos nx + b„sin nx), where 
a„ and b„ are constant coefficients. Fourier 
analysis is the process of determining the 
‘frequency-domain function from a time 
function (e.g. a seismic-trace wave-form). See 

Fourier synthesis The superimposition of 
sinusoidal waves of known frequency, ampli¬ 
tude, and phase to represent an observed 
wave-form. It is the process of determining 
the ‘time-domain function from a frequency 
function. See also Fourier transform. 
Fourier transform The mathematical for¬ 
mulae by which a time function (e.g. a seis¬ 


mic trace) is converted into a ‘frequency- 
domain function and vice versa. See also 
Fourier analysis; and fourier synthesis. 
fractal A geometric entity which has a basic 
pattern that is repeated at ever decreasing 
sizes. Fractal patterns are not able to fill 
spaces and are hence described as having frac¬ 
tal dimension. Fractals occur frequently in 
nature, such as in forked lightning or in 
chaotic systems (see chaos). 
fractional crystallization The removal of 
early formed ‘crystals from an originally ho¬ 
mogeneous ‘magma (for example, by gravity 
settling) so that these crystals are prevented 
from further reaction with the residual 
‘melt. The composition of the remaining 
melt becomes relatively depleted in some 
components and enriched in others, result¬ 
ing in the precipitation of a sequence of dif¬ 
ferent minerals. Fractional crystallization is 
one of the main processes of ‘magmatic dif¬ 
ferentiation. 

fractionation See magmatic differentia- 


fracto- See fractus. 

fracture 1 . General term applied to any 
break in a material, but commonly applied to 
more or less clean breaks in rocks or minerals 
that are not due to ‘cleavage or ‘foliation. 
2 . See voids. 

fracture cleavage A ‘cleavage (defined 
originally by Leith in 1905) which resembles 
very closely spaced, parallel ‘joints or frac¬ 
tures, but where in fact the ‘fractures’ are due 
to a loss of material resulting from ‘pressure 
solution. In modern terminology the term 
would be replaced by 'spaced cleavage’, 
fracture porosity A form of ‘secondary 
porosity generated by tectonic fracturing (see 
tectonism) of the rock. Such porosity can de¬ 
velop in any rock, allowing the development 
of productive ‘reservoirs in rocks such as 
‘granites and ‘gneisses. See porosity; cro¬ 
quette and pray classification; and reser- 

f racture spaci ng index (/,) The number of 
fractures in a one-metre length of drill ‘core, 
fracture zone A linear feature on the deep- 
sea floor across which the ‘lithosphere 
changes abruptly in both age and water 
depth. Most fracture zones transect oceanic 
‘ridges and are small circles whose radii of 
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(0 ° C). This may lead to a deposit of ice crystals 
on objects, e.g. grass or trees. Such deposits 
result from condensation when the "dew- 
point temperature is below freezing. See also 

frost boil See involution. 
frost heave (frost heaving) Upward move¬ 
ment of the ground surface or of individual 
particles, due to the formation of lenses of ice 
up to 30 mm thick in the "regolith. It reaches 
its maximum in silt-dominated material, in 
which the greatest volume of ice may develop 
(more than 68% ice by volume). When the 
total uplift of the surface is measured, it is 
found to be approximately equal to the sum 
of the thicknesses of the layers of ice. Surface 
stones may be heaved by the development of 
needle-ice columns fpipkrakes’). 
frost heave test A laboratory test in which 
•aggregate or soil is frozen under controlled 
conditions. A cylinder containing rock aggre¬ 
gate, 150mm high and 100mm in diameter is 
placed in freezing conditions with its base in 
running water for 250 hours. The *ffost heav¬ 
ing must be less than 12 mm. 
frost heaving See frost heave. 
frost hollow Area (e.g. a valley bottom or a 
smaller hollow) that is very liable to severe 
and frequent *frosts as a result of dense, cold 
air moving downslope (katabatic flow) and 
collecting there under conditions of radia¬ 
tion cooling (e.g. at night), 
frost pull and frost push *Periglacial 
processes that bring about the upward mi¬ 
gration of *clasts through the *regolith. 
Frost push takes place when an ice lens forms 
beneath a clast and so pushes it upwards. 
Frost pull occurs when a clast adheres to ice 
within a freezing regolith and so is drawn up¬ 
wards as the ground heaves, 
frost-shattering See frost wedging. 
frost smoke See arctic sea smoke. 
frost table See tjaele. 
frost wedging (congelifraction, frost- 
shattering, gelifraction, gelivation) Fractur¬ 
ing of rock by the expansionary pressure 
associated with the freezing of water in 
planes of weakness or in pore spaces. 

Froude number (Fr) A dimensionless num¬ 
ber equal to the ratio of water velocity to the 
speed of a gravity wave, used to assess 


whether flow in an open channel is critical, 
tranquil, or shooting. If the Froude number is 
less than 1, flow is said to be subcritical or 
slow; if Fr = 1, flow is critical; and if Fr is 
greater than 1, flow is fast or supercritical, 
frustule Silica wall of a diatom. See bacil- 

LARIOPHYCEAE. 

Fs Orthoferrosilite. See enstatite. 
f ugacity (f ) A measure of the tendency of a 
gas to escape or expand, used in calculations 
of chemical equilibrium. Fugacity ( f ) is the 

to make the properties of a non-ideal gas sat¬ 
isfy the equation for an ideal gas, i.e.f = YjP,, 
where y, is the fugacity coefficient, and P t is 
the partial pressure for the component t of 
the gas. For an ideal gas, = 1. 
fugichnia The so-called ‘escape structures' 
that mark the response of animals to changes 
in the rate of deposition or erosion or to pre¬ 
dation. The original trace (see trace fossil) 
may be regarded as a permanent dwelling 
structure, but the presence of fine, crescentic 
laminae (*spreiten) indicates that the organ¬ 
ism made efforts to escape burial or expo¬ 
sure. Thus the presence of spreiten implies 
fugichnia. 

Fujita Tornado Intensity Scale A stand¬ 
ard six-point scale for reporting the intensity 
of a "tornado by inferring its wind force from 
the type and extent of the damage it caused. 
The scale was introduced in 1971 by Tetsuya 
Theodore Fujita and Allen Pearson. See 
appendix c. 

fulgurite An elongated piece of "glass pro¬ 
duced when energy released by a lightning 
strike melts rock which then fuses and so¬ 
lidifies as it cools. Fulgurites can form in al¬ 
most any type of rock, but the largest occur in 
loose "sand. They can be thought of as fos¬ 
silized lightning strikes, 
fuller's earth 1 . A clay consisting mainly of 
expanding "smectites such as "montmoril- 
lonite used industrially for its absorptive 
properties. 2 . Capitalized, Fuller’s Earth is 
the stratigraphic name of a "Jurassic clay for¬ 
mation outcropping in southern Britain, 
fulvic acid Mixture of uncoloured organic 
acids that remains soluble in weak acid, alco¬ 
hol, or water after its extraction from soil, 
fumarole Vent in a volcanically active area 
that emits steam, gas (S0 2 , C0 2 , etc.), or other 
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fusuline 


•volatile constituents at high temperatures 
(from 100 °C to 1000 °C). The fumarolic con¬ 
dition has been thought to indicate a late 
stage in volcanic activity, but may actually 
precede volcanic *eruptions, e.g. Mt St He¬ 
lens, Cascade Range, Washington, in 1980. 
fumarolic stage See fumarole. 
functional morphology The attempted 
interpretation of the functions of particular 
organs or structures that occur in various 
•fossils. In some cases it is difficult to inter¬ 
pret function in groups that have no living 
examples, but it is often possible to analyse 
growth and form in invertebrate groups and 
to relate this growth both to the biology of 
the organism and to the environment, 
fundamental form See parametral plane. 
fundamental strength The maximum 
•stress a material can sustain indefinitely at a 
given temperature and ‘confining pressure. 
The fundamental strength is always less than 
the breaking strength and ‘ultimate strength. 
Fungi One of the three multicellular king¬ 
doms, along with the *Plantae (plants) and 
‘Animalia (animals). Although resembling 
plants, Fungi feed by ingesting organic mat¬ 
ter, whereas plants are autotrophic and re¬ 
quire only inorganic substances as nutrients. 
As fungi generally lack hard parts they are 
rarely found as fossils, but thread-like repre¬ 
sentatives have been found in *Precambrian 
rocks. They probably left the sea about 400 
million years ago, when the first plants colo¬ 
nized the land. 


funnel cloud Cloud produced in a low- 
pressure vortex in the centre of a spiral 
storm. The funnel may extend below the 
cloud in which it originates, becoming visi¬ 
ble because the low pressure inside it causes 
water vapour to condense. If the funnel 
touches the surface it becomes a tornado or 
waterspout. 

funnelling The constraining of an airflow 
by valleys, leading to higher wind speed, con¬ 
vergence, and uplift. Similar effects occur in 
the air between an advancing front and the 
face of a mountain barrier, 
fusain Fossil charcoal, a *coal lithotype 
sometimes called ‘mother-of-coal’, produced 
by the burning of plant material under air¬ 
less conditions. This converts the material to 
almost pure carbon and can preserve small 
plant parts and cellular structures, 
fusiform Spindle-shaped; elongated with 
tapering ends, 
f usinite See coal maceral. 
fusion 1 . Generally, the melting of a solid 
substance by heat. 2 . In nuclear fusion, the 
combining of two light atomic nuclei to form 
a heavier nucleus with the sudden release of 
energy, e.g. in the hydrogen bomb, 
fusuline (adj. fusulinid) One of the so-called 
‘larger foraminifera’ (*Foraminiferida) 
which usually have a ‘fusiform or discoid 
shape. Many genera are differentiated by 
rapid development and evolution, making 
them important ‘index fossils, particularly 
in ‘Carboniferous and ‘Permian rocks. 
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Ganymede 


entered an orbit that brought it into repeated 
encounters with the ‘Galilean satellites. The 
spacecraft comprises an orbiter and a probe, 
released in July 1995, as Galileo was still ap¬ 
proaching Jupiter, which penetrated the at¬ 
mosphere and returned data for 61.4 minutes, 
by which time it had descended to a level 
where the pressure was 24 bars, 140 km below 
the 1 bar pressure altitude. 

GallicThe middle ‘epochofthe ‘Cretaceous 
Period, dated at 130-89.3 Ma ago (Int. Com¬ 
mission on Stratigraphy, 2004). 
gamma A unit of magnetic field strength. 
1 gamma = 10 s gauss. It has now been re¬ 
placed by SI units: 1 gamma = 10~ 9 tesla (i.e. 
1 nano tesla, nT). 

gamma-gamma sonde A ‘well-logging 
instrument package in which a source of 
gamma radiation, usually 27 60 Co or 137 Cs, bom¬ 
bards the wall of the ‘borehole, and the 
backscatter of ‘gamma rays, together with 
natural radiation, is recorded some 45 cm 
above the source. The record is known as a 
‘density log, as the backscatter is an expo¬ 
nential function of electron density in the 
rocks. Mostly the instrument responds to the 
nearest 10 cm of rock wall. Sometimes two de¬ 
tectors are used at different locations to dis¬ 
tinguish between ‘mud cake and rock, 
gamma-ray log See gamma-ray sonde. 
gamma rays Electromagnetic radiation, 
about 10~ 10 to 10 14 m in wavelength, similar 
to, but of shorter wavelength than X-rays, 
emitted by radioactive substances, 
gamma-ray sonde The ‘well-logging 
instrument, comprising a scintillometer, 
used to measure the natural radioactivity of 
the rocks through which the drill hole 
passes. Potassium ("“K) is the most abundant 
radioactive element and occurs in ‘clays (es¬ 
pecially the mineral ‘illite and ‘micas). The 
record is a gamma-ray log, expressed in API 
units (a gravity scale devised by the American 
Petroleum Institute and applied mainly to 
measurements of crude oil). The log is partic¬ 
ularly useful for delineating the alternation 
of ‘clay-rich and clay-poor ‘lithologies, e.g. 
‘claystones interbedded with ‘limestones or 
‘sandstones. Conventionally, claystone hori¬ 
zons yield API values of more than 75. High 
gamma-ray log values will also be recorded 
from organic-rich ‘shales which also concen¬ 
trate other radioactive elements, e.g. ura¬ 


nium and thorium. In addition, ‘glauconitic 
sands, volcaniclastic sands, ‘zircon-rich 
sands, and clay-matrix-rich sands produce 
gamma-active sediments. See also photon log. 

gamma-ray spectrometer See scintilla¬ 
tion COUNTER. 

gamma-ray spectrometry Analytical 
method used in some branches of chemistry 
and physics for the measurement of the in¬ 
tensities and energies of gamma radiation. 
Scintillation or semi-conductor radiation de¬ 
tectors, coupled to various types of electronic 
circuitry, enable a spectrum to be accu¬ 
mulated. This may be used to identify the 
gamma-emitting radioisotopes, and their en¬ 
ergy intensities can be used to determine con¬ 
centrations of the corresponding elements. 
The technique is also used in ‘remote sensing 
to determine the abundance of some ele¬ 
ments in distant objects, e.g. the surface of 
the ‘Moon. 

gangue That portion of an ore deposit 
which is of no commercial value but which 
cannot be avoided during mining; it is re¬ 
moved during processing as waste. Common 
gangue minerals are ‘quartz, ‘calcite, and 
‘fluorite, see ore mineral; orebody; and ore 

ganister(gannister) A fine-grained, ‘arena¬ 
ceous rock that underlies certain coal mea¬ 
sures. It is used for its refractory qualities, 
e.g. to make furnace hearths, 
gannister See ganister. 
ganoid scale Type offish scale with a rhom¬ 
boid shape, found in some fossil as well as ex¬ 
tant ‘bony fish (e.g. Polypterus and Lepisosteus). 
The scale consists of a superficial layer of 
enamel-like ganoine, a middle layer of ‘den¬ 
tine, and a basal layer ofvascular bony tissue. 

Ganymede (Jupiter III) One ofthe ‘Galilean 
satellites, and the largest jovian satellite; it is 
bigger than ‘Mercury and ‘Pluto. It is be¬ 
lieved to have a rock and metal core sur¬ 
rounded by a large mantle of water or water 
ice, 800-900 km thick, and the surface is of 
ice, with two types of terrain, one very 
cratered and dark, the other rather lighter, 
with many grooves and ridges. These terrains 
result from tectonic activity, but the details 
are not known. Both terrains are extensively 
cratered, the craters being flat, with no ring 
mountains and central depressions, and 
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rock type *rodingite; sp. gr. 3.6-4.S; *hard- orbital period 3.29 years. It was imaged by 
ness 7.0-7.5; colour very variable depending *Galileo in October 1991. 
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unaffected by temperatures in the range of 
300-550 °C, but has been shown to vary ac¬ 
cording to pressure, and has been used as a 
geobarometer in regionally metamorphosed 
terrains. 

geobotanical anomaly The marked local 
concentration, above background levels, of 
one or more elements in an ecological assem¬ 
blage or specific plant which may indicate 
the presence of an ore deposit or a concentra¬ 
tion of hydrocarbons. 

geobotanical exploration (biogeo¬ 
chemical exploration) Traditionally, the use 
of indicator plant species or assemblages to 
detect the possible presence of metal-rich de¬ 
posits. It is based on the limits-of-tolerance 
principle, i.e. it assumes that only specialized 
species can withstand metal-contaminated 
soils. In practice, plant response may be con¬ 
fusingly more complex (e.g. plants may re¬ 
spond to the low availability of essential 
nutrients rather than to a high concentration 
of toxic minerals) which makes such indica¬ 
tors unreliable. In modem use the concept in¬ 
cludes the collection and chemical analysis 
of plant materials or soil layers, especially 
humus, in which metal ions may accumu¬ 
late. It is a supplementary rather than a pri¬ 
mary prospecting method, 
geochemical affinity Affinity of an ele¬ 
ment for a particular environment, 
geochemical anomaly 1 . Abnormal con¬ 
centration of elements in earth materials 
compared with background levels. 2 . In¬ 
crease of hydrocarbons in soils, 
geochemical cycle A continuous cycle of 
elements passing through and between the 
Earth’s ‘lithosphere, ‘biosphere, ‘hydro¬ 
sphere, and ‘atmosphere. For example, 
sodium is released from rocks (lithosphere) 
by ‘weathering and is transported in solu¬ 
tion or suspension to the sea (hydrosphere). 
Sediments formed in the oceans take up 
sodium and maybe compacted to join the ge¬ 
ologic cycle, becoming ‘sedimentary, ‘rneta- 
morphic, and perhaps ultimately new 
‘igneous rock. See biogeochemicai cycle. 
geochemical differentiation See pri¬ 
mary GEOCHEMICAL DIFFERENTIATION; and 
SECONDARY GEOCHEMICAL DIFFERENTIATION. 

geochemical soil survey The process of 
collecting and analysing unconsolidated soil 
sediments in order to locate geochemical 


anomalies in the underlying rock and to use 
these to find ‘ore bodies. Where the loose ma¬ 
terial or soil is stable there is a geochemical 
balance between the original rock, ‘weather¬ 
ing, pore water, and biological activity. The 
soil profile is usually layered, and in a geo¬ 
chemical soil survey the horizon giving the 
sharpest contrast between background and 
anomaly is chosen for analysis, 
geochemistry Branch of geology con¬ 
cerned with the abundance and distribution 
of the chemical elements and their ‘isotopes 
within the Earth or within solid bodies in the 
solar system, their circulation in natural 
systems (the ‘atmosphere, ‘hydrosphere, 
‘biosphere, and ‘lithosphere), and the laws 
governing this distribution and its evolution, 
geochronologic unit See geologic-time 


geochronology Determination of time in¬ 
tervals on a geologic scale, through either ab¬ 
solute or relative dating methods. Absolute 
dating methods involve the use of radioactive 
elements and knowledge of their rates of 
decay: this yields an actual age in years for a 
given rock or ‘fossil. Relative dating involves 
the use of fossils or sediments to place events 
and rock sequences in order, and does not 
provide absolute dates. See also dating meth¬ 
ods; ABSOLUTE age; RELATIVE AGE; PLANKTONIC 
geochronology; and geochronometry. 
geochronometric scale (chronometric 
scale) A time-scale based on years BP (conven¬ 
tionally before 1950). Subdivisions on the 
scale are defined by particular units of dura¬ 
tion (e.g. 10 s years, 10 s years) rather than ref¬ 
erence points in actual rock successions. An 
example of such a subdivision is the placing 
of the boundary between the ‘Archaean and 
the ‘Proterozoic at 2 500 Ma (i.e. 2 500 X 10 6 
years) ago. 

geochronometry The determination of 
the length of time intervals. Geochronomet¬ 
ric resolutions for zonations based on differ¬ 
ent organisms may be calculated by dividing 
the time-span of a series by the number of 
‘zones and the intervals between zones. How¬ 
ever, this will give only an approximate mea¬ 
sure of time. See also dating methods; and 

GEOCHRONOLOGY. 

geode A hollow, rounded body, which has a 
lining of‘mineral ‘crystals pointing inward, 
e.g. ‘quartz or ‘calcite. The crystals grow into 
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the cavity unimpeded and form perfect crys¬ 
tals which are frequently collected and val¬ 
ued for their beauty. 

geodesy The science of measurement of 
the shape or figure of the Earth and its 
gravitational field. This science has expanded 
from topographic and astronomic surveying 
with the advent of satellite positioning sys¬ 
tems, e.g. *GPS and "SPS. 
geodetic latitude The latitude as defined 
by the vertical, relative to the geodetic refer¬ 
ence ellipsoid (i.e. the shape that most closely 
matches mathematically the figure calcu¬ 
lated by geodesy). The centre of the reference 
system is not geocentric, 
geodetic measurement Any measure¬ 
ment concerned with the shape figure of the 
Earth, often involving the *geoid. 
geodynamics The study of geological 
change and the processes responsible for it. It 
includes "tectonics, "erosion, the formation 
of "sedimentary rock, and "volcanicity, but is 
concerned only with phenomena that occur 
on a macroscopic scale, 
geoecology (landscape ecology) The study 
of landscapes, including the manner of their 
formation and history, and their "ecology, 
geo-electric section A diagrammatic sec¬ 
tion of stratified layers that is deduced from 
electrical (resistivity) depth probing or 
drilling, where layers are identified by their 
"apparent resistivities. Such sections are use¬ 
ful in detecting "water-table levels and deter¬ 
mining whether water is saline or fresh at the 
water-table. 

geognosy See werner, abraham gottlob. 

geographic information system (GIS) 

A computer system that gathers, stores, and 
analyses geographic information, and dis¬ 
plays it on demand. 

Geographos A "solar system asteroid 
(No. 1620), diameter 2 km; approximate mass 
4 X 10 12 kg; rotational period 5.222 hours; or¬ 
bital period 1.39 years. It was to have been vis¬ 
ited by the Clementine spacecraft, but a 
computer malfunction ended the mission, 
geoid The gravitational equipotential sur¬ 
face corresponding to mean sea level, includ¬ 
ing the level at which the sea would stand in 
a continental area if it were able to do so. 
geological barrier See ear-field barrier. 


Geological Long Range Inclined Asdic 

(GLORIA) A sonar device, towed behind a 
ship, that transmits one sound beam to port 
and another to starboard and is used for 
studying the sea bed. 

Geological Society of America (GSA) A 

society founded in 1888 that now has approx¬ 
imately 20 000 members in more than 85 
countries. It aims to promote the professional 
development of Earth scientists and to facili¬ 
tate the exchange of information. 
Geological Society of London (GSL) 
Founded in 1807, the GSL is the United King¬ 
dom's national society for Earth sciences. It is 
a learned and professional body that exists to 
promote the Earth sciences and the profes¬ 
sional interests ofEarth scientists. With more 
than 9 000 members, the GSL is the largest 
geoscience society in Europe, 
geologic cross-section An interpretation 
of a vertical section through the Earth’s sur¬ 
face, most usefully a profile, for which evidence 
was obtained by geologic and geophysical tech¬ 
niques or from a "geologic map. 
geologic map A map which shows the sur¬ 
face distribution of rock types, including 
their ages and relationships, and also struc¬ 
tural features. 

geologic map symbols Symbols used on 
a geologic map to provide a reduced or con¬ 
densed pictorial representation of data, so 
that space is conserved, 
geologic time-scale A two-fold scale that 
subdivides all the time since the Earth first 
came into being into named units of abstract 
time, and subdivides all the rocks formed 
since the Earth came into being, into the suc¬ 
cessions of rock formed during each particu¬ 
lar interval of time. The branch of geology 
that deals with the age relations of rocks is 
known as "chronostratigraphy. The concept 
of a geologic time-scale has been evolving for 
the last century and a half, commencing 
with a relative time-scale (mainly achieved 
through "biostratigraphy), to which it has 
gradually become possible to assign dates (see 
dating methods) which are, nonetheless, 
subject to constant revision and refinement. 
Since the first International Geological 
Congress in Paris in 1878, one of the main ob- 
j ectives of stratigraphers has been the produc¬ 
tion of a complete and globally accepted 
"stratigraphic scale to provide a historical 
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Grabau, Amadeus William 


by the development of multiple accessory 
tooth cusps and believed to be ancestral to 
the later mastodons, though not to modern 
elephants. These long-jawed mastodons or 
gomphotheres were one of three distinct pro¬ 
boscidean lines established by the *Miocene. 
They in turn diverged into a variety of descen¬ 
dant lines, several of which had highly spe¬ 
cialized lower jaws. The family persisted into 
the ‘Pleistocene in both Old and New Worlds. 
Long snouts appeared in the earliest forms 
and in the Miocene Gomphotherium the lower 
jaw and premaxilla (front bone of the upper 
jaw) were very long, both bearing tusks, which 
may have been used for digging, and probably 
permitting only a short trunk. In later forms 
the face became shorter and the trunk pre¬ 
sumably longer. There were many genera and 
species. The evolutionary importance of the 
gomphotheres lies in the probable parallel 
between their development and that of the 
line which led to the true elephants, 
gonatoparian suture See cephalic 


Gondwana Former supercontinent of the 
southern hemisphere from which S. Amer¬ 
ica, Africa, Madagascar, India, Sri Lanka, 
Australia, New Zealand, and Antarctica are 
derived. Their earlier connection explains 
why related groups of plants and animals are 
found in more than one of the now widely 
separated southern land masses. Examples 
include: the ‘Dipnoi (lung-fish) common to S. 
America, Africa, and Australia; ‘marsupial 
mammals found today in Australia and for 
most of the ‘Cenozoic in S. America; and the 
monkey-puzzle tree ( Araucaria ) common to 
S. America and Australia. 

Gondwanaland The name Eduard ‘Suess 
originally gave to the former supercontinent 
now more commonly known as ‘Gondwana. 
goniatites See ammonoidea. 
goniometer See goniometry. 
goniometry The technique for measuring 
the ‘interfacial angles of ‘crystals. The in¬ 
strument used, a goniometer (or contact go¬ 
niometer) resembles a 180° protractor with a 
pivoted straight edge at the point of origin. 
The angle between the normals to ‘crystal 
faces is then read directly from the graduated 

small crystals may be made using an optical 
system and a telescope (optical goniometry), 


with the crystal mounted on a rotating 
‘stage fitted with a vernier scale. These in¬ 
struments are known as ‘one-circle’ or ‘two- 
circle’ reflecting goniometers. The crystal 
faces are arranged with the crystal edges par¬ 
allel to the axis of rotation of the goniometer 

Gorda Plate A minor lithospheric ‘plate 
which is subducting under the ‘North Amer¬ 
ican Plate to the west of Oregon. The *sub- 
duction zone is not marked by an oceanic 
‘trench, but inland there is the andesitic vol¬ 
canic chain of the Cascade Mountains. The 
Gorda Plate is separated from the ‘Juan de 
Fuca Plate by a ‘transform fault; both are 
remnants of the once-large ‘Farallon Plate. 
Gore The basal ‘series in the New Zealand 
‘Triassic. It is overlain by the ‘Balfour, and 
comprises the Malakovian, Etalian, and Kai- 
hikuan* Stages. 

Gorstian A ‘stage of the Upper ‘Silurian, 
underlain by the * Gkedonian and overlain by 
the ‘Ludfordian and dated at 422.9-421.3 Ma 
(Lnt. Commission on Stratigraphy, 2004). 
gossan Near-surface, iron oxide-rich zone 
overlying a sulphide-hearing ‘ore deposit, 
caused by the ‘oxidation and ‘leaching of 
sulphides. Useful in mineral exploration as a 
visible guide to sulphide mineralization by 
its yellow or red colour. 

Gothenburg See brunhes. 

Gothian A ‘stage of the Lower ‘Proterozoic, 
from about 2100-1600 Ma ago, of the Baltic 
Shield region, underlain by the ‘Svecofenn- 
ian and overlain by the ‘Jotnian. According 
to Van Eysinga, 1975, Gothian is synonymous 
with Karelian. 

Gothian orogeny (Gothic orogeny) See 

OROGENY. 

gouge ‘Clay filling in a mineral vein, or clay 
material between ‘fault planes produced by 
movement along the fault. 

GPS See global positioning system. 
Grabau, Amadeus William (1870-1946) 
An American geologist and palaeontologist, 
Grabau was a professor at Columbia Univer¬ 
sity, New York, and later worked on the geo¬ 
logic survey of China. In 1940 he developed a 
theory of rhythms in the growth of the 
Earth’s ‘crust, and of repetitions in moun¬ 
tain building. 




Graben (includes half-graben) 
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defined in the classification of rocks by the 
•International Union of Geological Sciences 
(IUGS). 

granoblastic A ‘textural term referring 
to a mosaic of equidimensional *anhedral 
grains in *metamorphic rocks. If inequant 
grains such as *micas are present, they are 
randomly oriented. 

granodiorite A coarse-grained *igneous 
rock consisting of *essential ‘quartz, *pla- 
gioclase feldspar, ‘alkali feldspar, *biotite, 
and ‘hornblende, with ‘accessory ‘sphene, 
‘apatite, and ‘magnetite. Plagioclase is the 
dominant feldspar in the rock, equal to or 
greater than two-thirds of the total feldspar 
present. Where alkali feldspar is completely, 
or almost completely suppressed, the rock is 
known as a 'trondhjemite’ or, more generally, 
‘plagiogranite’. Granodiorites are commonly 
found as ‘intrusions into the ‘crust above 
•subduction zones, and are the ‘plutonic 
equivalent of‘extrusive ‘dacites. 
granofels A little-used name for a massive 
‘granoblastic ‘metamorphic rock, consist¬ 
ing of ‘equant grains of ‘quartz and 
‘feldspar, hence lacking a ‘foliation. Minor 
‘mafic ‘minerals consist of ‘pyroxene and 
‘garnet. The anhydrous mineral assemblages 
of such rocks are produced under the high- 
grade, anhydrous ‘granulite facies condi¬ 
tions found at the base of the ‘crust, 
granophyre A light-coloured, medium¬ 
grained, ‘igneous rock with a ‘granite min¬ 
eralogy but characterized by the development 
of a ‘granophyric texture, 
granophyric (micrographic) Applied to a 
fine-scale intergrowth of ‘quartz and either 
•alkali feldspar or ‘plagioclase, found as 
‘interstitial, late-stage products in the 
‘groundmass of ‘granites. The texture is 
formed by simultaneous and rapid crystal¬ 
lization of the two ‘phases from the late- 
stage liquid trapped between the earlier 
formed crystals. 

granular 1. Applied to the ‘texture of 
equigranular ‘igneous rocks with a ‘grain 
size ranging from 0.05 to 10 mm. 

2 . Applied to the ‘form of a ‘mineral ‘aggre¬ 
gate when it is composed of grains. Evenly 
granular mineral aggregates have a saccha- 
roidal‘texture. 

granulation The comminution, during de¬ 
formation, of crystals into smaller grains of 
equal size which are then able to rotate in 


relation to one another. The process is a com¬ 
mon feature of ‘plastic deformation in 
‘granitoids. 

granule A particle between 2 and 4mm in 
size. See particle size. 

granulestone A ‘siliclastic rock consisting 
of‘granules. 

granulite A coarse-grained, equigranular 
‘metamorphic rock, consisting of ‘quartz, 
‘feldspar, and the anhydrous ‘ferromag- 
nesium minerals ‘pyroxene and ‘garnet. 
There is some confusion over the use of the 
term granulite, different authors using the 
name in different ways. Consequently, ‘basic 
granulites, rich in the ferromagnesium min¬ 
erals ‘orthopyroxene and ‘clinopyroxene, 
are better termed ‘pyroxene gneisses’, whilst 
‘acid granulites, rich in quartz and feldspar, 
are better termed 'charnockitic gneisses’. 
These rock types are thought to be formed by 
‘metamorphism of deep crustal rocks which 
have suffered earlier dehydration by the re¬ 
moval of a wet ‘granite ‘melt, 
granulite facies A set of metamorphic 
‘mineral assemblages produced by ‘meta¬ 
morphism of a wide range of starting rock 
types under the same metamorphic condi¬ 
tions and typically characterized by the 
development, in rocks of ‘basic ‘igneous 
composition, of the mineral assemblage 
*clinopyroxene-*plagioclase-*orthopyrox- 
ene-*quartz. Other rocks of contrasting com¬ 
position, for instance ‘shales or ‘limestones, 
would each develop their own specific min¬ 
eral assemblage, even though they were all 
being metamorphosed under the same con¬ 
ditions. The variation of mineral assemblage 
with starting rock composition reflects a par¬ 
ticular range of pressure, temperature, and 
P(H 2 0) conditions. Experimental studies of 
mineral P-T stability fields indicate that the 
facies represents high-pressure/high-temper- 
ature conditions which can be met near the 
base of the ‘continental crust, 
granulometry The measurement of grain 


grapestone A composite ‘carbonate 
‘grain, consisting of an aggregate of carbon¬ 
ate ‘peloids or other particles, bound to¬ 
gether by ‘algae or micritic cement (see 
micrite). The aggregate has an appearance 
resembling a bunch of grapes, and forms in 
low-energy, ‘subtidal areas. 
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Hastarian 


hand lens A hand-held, steel- or plastic- 
mounted, optical magnifying system usually 
consisting of two or more optical elements, 
which is used in the field to provide an en¬ 
larged image of rocks, minerals, and fossils, 
ranging from 5 X to 20 X. Hand lenses vary in 
diameter from 0.5 to 1.5 cm, can be carried 
conveniently in a pocket, and form an essen¬ 
tial tool in a geologist’s field kit. 
hanging valley Tributary valley whose 
floor is well above that of the adjacent main 
valley and where there is therefore often a 
waterfall. It is typical of glaciated uplands, 
where it may result from glacial widening 
and/or deepening of the main valley. 

hanging wall The ‘fault block which lies 
above any inclined fault surface. See footwail. 

hardground A term first introduced into ge¬ 
ologic literature in 1897, drawn from an 
oceanographic source but used in a narrower 
sense to describe a specific ‘horizon that had 
initially been lithified a short distance be¬ 
neath the sea floor. ‘Lithification resulted 
from ‘calcite precipitation around local foci, 
giving rise to ‘concretions. The ‘sediment 
above and surrounding the concretions 
remained soft and was consequently biotur- 
bated (see bioturbation). The initial ‘cemen¬ 
tation of the hardground may have been 
triggered by the chemical influence of organ¬ 
isms that dwelt within the sediment. Progres¬ 
sive encroachment of the cemented areas on 
to the soft sediment gradually resulted in total 
lithification. ‘Incipient’ hardgrounds repre¬ 
sent periods of arrestation in the cementation 
process, with the result that nodular and soft- 
sediment units alternate one with the other. 
The cemented hardground may itself support a 
fauna of fixed or cemented organisms and may 
be bored extensively by bivalves (‘Bivalvia). 
‘Pyrite films may fine ‘burrows, which may 
also be filled by ‘silica. 

hardness 1 . A measure of the ability of 
water to form a carbonate scale when boiled, 
or to prevent the sudsing of soap. Permanent 
hardness is due mainly to dissolved calcium 
and magnesium sulphate or chloride, the bi¬ 
carbonate ion causes temporary hardness. 
Dissolved carbon dioxide and the weathering 
of carbonate rocks are the main sources of 
hardness in water. 

2 . A physical property of minerals and one 
of the most useful tests for mineral 
identification. ‘Mohs’s scale of hardness (H), 


which ranks minerals by their hardness and 
thus makes possible a diagnostic test in 
which one mineral is used to scratch another, 
was introduced in 1822 and is still the stan¬ 
dard used today. Useful tools for determining 
hardness are the finger nail (H about 2.5) and 
a penknife (H about 5.5). With a little prac¬ 
tice, the hardness of a mineral may be deter¬ 
mined by means of a scratch to within one or 
two points on Mohs’s scale. See also vicioers 

HARDNESS NUMBER. 

hardpan Hardened ‘soil horizon, usually 
found in the middle or lower parts of the 
profile, thatmay be ‘indurated or ‘cemented 
by a variety of possible cementing materials. 
See also caliche; duricrust; and pan. 

HARI See high aspect ratio ignimbrite. 
harmattan wind (the doctor) Dry, dusty, 
north-easterly or easterly wind which occurs 
in W. Africa north of the equator. Its effect 
extends from just north of the equator in Jan¬ 
uary, almost to the northern tropic in July. 
In W. Africa it is known as ‘the doctor’ be¬ 
cause of its invigorating dryness compared 
with humid tropical air. The harmattan 
wind stream occasionally extends south of 
the equator during the northern winter as 
an upper air wind over the south-westerly 
monsoon. 

harmonic A ‘frequency which is a whole 
multiple of the fundamental frequency; thus 
the second harmonic has twice the funda¬ 
mental frequency, the third harmonic three 

harmonic fold A ‘fold which maintains its 
geometric form, integral wavelength, and 
symmetry throughout a sequence of layers. 
Such folds form where the competent layers 
comprising the sequence are of similar thick¬ 
ness and evenly spaced, and the contrast in 
‘competence is constant between each layer 
and the next. 

harmonic tremor A type of ‘seismicity 
that occurs only as a result of ‘volcanicity. 
The seismic vibrations have a single fre¬ 
quency, usually about 1-5 Hz, and continue 
for hours and sometimes for days. 
Harnagian A ‘stage (458-459Ma ago) of the 
‘Ordovician in the Lower ‘Caradoc, under¬ 
lain by the ‘Costonian and overlain by the 
‘Soudleyan. 

Hastarian A ‘stage (348-359.2 Maago) of the 
‘Tournaisian Epoch (Int. Commission on 
Stratigraphy, 2004). 



hastingsite 


hastingsite See hornblende. 

Haumurian See mata. 

Hauterivian A *stage in the European 
Lower ‘Cretaceous dated at 136.4-130Ma 
(Int. Commission on Stratigraphy, 2004). See 
also NEOCOM1AN. 

Hauy, Abbe Rene-Just (1743-1822) One of 
the founders of modern crystallography, 
Abbe Hauy was Professor of Mineralogy at the 
Sorbonne. He applied mathematics to miner¬ 
alogy in order to determine the structure of 
crystals, proposing a 'law' of rational inter¬ 
cepts. His work, Traite de crystallography 
(1822), was for a time the standard book on 
the subject. 

haiiyne A ‘feldspathoid and member of 
the ‘sodalite group of minerals, formula 
(Na,Ca) 4 _ 8 (Al 6 Si 6 0 24 )(S0 4 ,S) 1 _ 2 ; sp.gr. 2.5; ‘hard¬ 
ness 5.5; greyish-white; granular; occurs as a 
constituent of ‘alkali volcanic rocks, often 

Hawaiian-Emperor chain The Earth’s 
largest volcanic mountain range, extending 
from the oldest ‘seamount, dated at 78 Ma, 
near Kamchatka to an active submarine vol¬ 
cano south-east of Hawaii. The chain is re¬ 
garded as a plume trace (see mantle plume). It 
forms two distinct, gentle curves, with a kink 
dated at approximately 43 Ma and thought to 
be related to a change in the direction of 
movement of the ‘Pacific Plate over a station¬ 
ary ‘hot spot. 

Hawaiian eruption A type of volcanic 
‘eruption that produces very fluid, mobile, 
basaltic ‘lava, characterized by spectacular 
‘fire fountains, with little explosive activity. 
The lava flows that result are often formed by 
the accumulation of fire-fountained lava and 
are termed ‘spatter-fed flows’. Hawaiian-type 
eruptions produce a broad, low-angle cone (a 
shield ‘volcano). Compare pel£ean eruption; 
plinian eruption; strombolian eruption; 

VULCANIAN ERUPTION, 
hawaiite See andesite; and benmoreite. 
Hawker See adelaidean. 
haze Atmospheric condition in which visibil¬ 
ity is reduced because of the dispersion of 
light by very small, dry particles, e .g. fine dust. 
HDRSee hotdryrock. 
head 1 . In certain areas of Britain, the name 
given to a sheet of poorly sorted, angular rock 


debris, mantling a hillslope and deposited by 
‘gelifluction. Similar material is commonly 
found as a fossil deposit in the extraglacial 
areas of N. America and Europe. ‘Coombe 
rock is similar, but is found on chalk. 2 . See 
BERNOULLI EQUATION; DARCY’S LAW; ELEVATION 

potential energy; hydraulic head; and 

PRESSURE HEAD. 

head cut See knick point. 
heading blasting An old method of 
quarry blasting in which explosive is 
confined in small tunnels at suitable inter¬ 
vals in the quarry face. For large blasts, sev¬ 
eral tunnels maybe used, 
head shield 1 . The term sometimes applied 
to the ‘cephalon in trilobites (‘Trilobita). 
2 . The dorsal head covering of solid bone 
which occurs in many ostracoderms (‘Ostra- 
codermi) (agnathan fish, see agnatha). 
headwall, glacial The steep rock slope at 
the head of a ‘cirque or ‘valley glacier. It 
is a site of active ‘erosion, perhaps by ‘frost 
wedging. 

head wave A ‘refracted wave which enters 
and leaves a high-velocity medium at the 
‘critical angle. Usually the term refers to the 
refracted wave which arrives to give a refrac¬ 
tion ‘first break. 

heat capacity The energy required to in¬ 
crease the temperature of a given mass of 
material by one degree Celsius, 
heat flow (heat flux) Ameasure of the heat 
being conducted through the surface rocks of 
the Earth. It is usually determined by taking 
two or more temperature readings at differ¬ 
ent depths down a ‘borehole or sampling 
tube, and measuring or estimating the ther¬ 
mal conductivities of the rocks in between. 
On land, measurements are usually taken at 
depths greater than 200 m to avoid tempera¬ 
ture changes associated with climatic oscilla- 

local or regional heat transference by convec¬ 
tive circulation. In oceanic sediments the ob¬ 
served heat flow decreases in proportion to 
t 0 ' 5 , where t is the age of the ‘oceanic crust. 
Near the oceanic ridge crests the heat flow 
averages 100 mW/m 2 , decreasing to less than 
50mW/m 2 for crust older than 100 Ma. In the 
continents, the older crustal areas appear 
to have a lower heat flow, averaging about 
38mW/m 2 , than the younger crust; in 
‘Mesozoic and ‘Tertiary orogenic areas it 
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differs from the ‘trigonal system, which has 
a vertical axis of three-fold symmetry. 



Hexagonal 

Hexapoda See insecta. 


HFS See high-field-strength elements. 

HFU See heat-flow unit. 
hiatus 1. A gap in a sedimentary succession. 
2 . The geologic-time interval represented by 
such a gap. 

hidden layer A layer whose presence re¬ 
mains undetected by ‘seismic refraction 
methods because (a) it is too thin and has 
insufficient velocity contrast to provide a dis¬ 
cernible arrival; or (b) it is of lower velocity 
than the overlying medium. The term is anal¬ 
ogous to the ‘suppressed layer in the inter¬ 
pretation of * electrical resistivity soundings. 
hierarchical method 1. The classification 
of organisms or units into a graded succession 
or hierarchy. 

2 . In stratigraphy, the practice of defining 
‘stratigraphic units in terms of their ‘rank 
within a hierarchy and the units of lower rank 
which they comprise. For example, the geo¬ 
logic ‘systems are composed of‘series, which 
are themselves composed of ‘stages. Compare 
TYPOLOGICAL METHOD. 

high-alumina basalt An ‘aphyric, ‘extru¬ 
sive ‘igneous rock of basaltic composition 
containing a high proportion of‘modal *pla- 
gioclase, and an alumina content of more 
than 17 wt. %. Tholeiitic and calc-alkali 
‘basalts (see tholeiite; and calcalkaline) 
can have alumina contents of more than 17 
wt. %, so the term does not refer to a specific 
basalt type. Rather, the variety of basalt 
should be specified, e.g. ‘high-alumina basalt 
of calc-alkali type’. 


high-aspect-ratio ignimbrite (HARI) An 

‘ignimbrite sheet displaying a value for the 
ratio of its average thickness (V) to its hori¬ 
zontal extent (H) of 10" 2 to 10" 3 , where H is 
taken as the diameter of a circle with a sur¬ 
face area equal to that of the flow. Compare 
LOW-ASPECT-RATIO IGNIMBRITE. 

high-field-strength elements (HFS) Ele¬ 
ments of high ‘valency (greater than 2), 
e.g. Sn, W, and U, which are not readily 
incorporated into the ‘lattices of common 
rock-forming ‘silicate minerals. During 
crystallization of ‘igneous rocks they are 
generally incorporated into accessory phases 
(see accessory mineral), e.g. ‘zircon and 
‘monazite, or else continually concentrated 
into residual ‘pegmatitic or ‘hydrothermal 
fluids, from which they may be precipitated 
in economic concentrations, 
high-level waste See radioactive waste. 
high-pass filter In ‘remote sensing, a 
type of ‘spatial-frequency filter which selec¬ 
tively removes low ‘spatial-frequency data 
from an image and increases contrast be¬ 
tween high spatial-frequency data. The result 
is that the lines which make up the edges of 
objects are more clearly defined. High-pass 
filters are used to achieve ‘edge enhance- 

high-plateau crustal type A type of 
‘crust that results from uplift, but without 
folding (see fold) or ‘thrust faulting. The 
elevation is high and the average crustal 
thickness is probably about 35 km. 
high-potassium basalt An ‘igneous rock 
of basaltic composition characterized by 
the appearance of ‘sanidine as well as 
‘labradorite in the ‘groundmass, and by 
K 2 0/Na 2 0 > 1. Such ‘basalts are commonly 
found well inland on the continental side of 
a ‘plate ‘subduction zone. The K 2 0 content 
of basalts in these above-subduction-zone 
environments increases inland as the depth 
to the subducted oceanic slab increases, 
highstand A time during which sea levels 
are at their highest. Compare lowstand. 
highstand systems tract (HST) In the 
‘genetic stratigraphic sequence model used 
in ‘sequence stratigraphy, a bounding sur¬ 
face formed by maximum marine flooding, 
where the sea level was high, and stable or 
falling slowly. See systems tract. Compare 

LOWSTAND SYSTEMS TRACT; and TRANSGRESSIVE 
SYSTEMS TRACT. 
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Histosols 


high symmetry See crystal symmetry. 
Hiller borer See peat-borer. 

Hiller peat-borer See peat-borer. 

hill fog General term denoting low cloud 

that covers high ground. 

Himalayan orogenic belt An *orogenic 
belt interpreted as being the result of the con¬ 
vergence and collision of India with Asia. Be¬ 
cause of variable uplift, great relief, high 
rates of *erosion and upthrusts of mid-crust, 
most depths within the *orogen are exposed, 
down to the mid-crust, and the belt is 
thought to illustrate the later stages of the 
*Wilson cycle. To the north of the Indus 
‘suture the ‘Tibetan Plateau has ‘crust up to 
80 km thick: a few authorities interpret this 
as being due to *A-subduction of the crust of 
the ‘tndo-Australian Plate after collision 
in the ‘Eocene, but most attribute the thick¬ 
ness to internal thrusting since the early 
‘Mesozoic. 

Himalia (Jupiter VI) One of the lesser satel¬ 
lites of ‘Jupiter, with a diameter of 170 km 
(±20 km). 

hinge 1. The surface region of a ‘fold about 
a ‘hinge line, which occupies the area of 
maximum curvature. 


2 . In ‘Brachiopoda and lamellibranchs, the 
area of the ‘commissure where the two 
valves of the shell are permanently in con¬ 
tact. In those articulate brachiopod (‘Articu- 
lata) shells where the whole width of the 
posterior part of the commissure remains in 
contact during opening the shell is said to be 
‘strophic 1 . In those brachiopods where the 
hinge axis passes through the teeth and sock¬ 
ets, and these represent the fulcra, the shell is 
said to be 'non-strophic’. 
hinge line A straight or curved line which 
joins the points of maximum curvature 
along the ‘hinge of a ‘fold. 


hinterland See foreland. 

Hirnantian A ‘stage (443.7-445.6Maago) of " 
the ‘Ordovician in the Upper ‘Ashgill, un¬ 
derlain by the ‘Rawtheyan and overlain by 
the ‘Rhuddanian (‘Silurian). 


histic epipedon Surface ‘soilhorizon, not 
less than one metre in depth, high in organic 
carbon, and saturated with water for some 
part of the year. See also humus (2). 


histogram A frequency graph in which the 
data range is divided into ‘bins. 


Histosols An order of soils composed of 
organic materials. Histosols must have a 



Highstand systems tract 





Hinge line 
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thickness of more than 40 cm when overlying 
unconsolidated mineral soil, but may be of 
any thickness when overlying rock. 
Hjulstrom effect The contrast between 
the flow velocity at which a fine-grained co¬ 
hesive *sediment may be deposited and that 
at which it will be eroded. F. Hjulstrom pub¬ 
lished an important diagram which plots the 
relationship between grain size and velocity 
for ‘erosion, transportation, deposition, and 
settling velocity. One of the many important 
consequences of these relationships is that 
although fine-grained cohesive sediments 
(fine *silt and *clay) will be deposited only if 
flow velocities are very low, a very high veloc¬ 
ity is required to erode the same sediment, 
once deposited. This is because of the cohe¬ 
sive nature of the sediment, which makes silt 
and clay more difficult to erode than pebbly 
sediment. 

hlaup Aburst ofwater through an *ice cap, 
triggered by volcanism. 

HMS See DENSE MEDIUM SEPARATION, 
hoar frost Deposit of patterned ('feathers’, 
‘needles’, 'spines’, etc.) ice crystals on sur¬ 
faces chilled by radiation cooling. The fea¬ 
ture is seen particularly well on vegetation. 
The ice is derived from the ‘sublimation of 
water vapour on surfaces, as well as from 
frozen dew. 

Hoboken See hengelo. 


hogback (hog’s back) Narrow, symmetric 
ridge, underlain and controlled by a resistant 
bed dipping at some 40 ° or more. It is a limit- 



Hogback 


hog's back See hogback. 

Holkerian A ‘stage (337.5-339 Ma ago) of 
the ‘Visean Epoch, underlain by the *Arun- 
dian and overlain by the ‘Asbian. 

Holmes, Arthur (1890-1965) A British 
geologist of the Universities of Durham and 
Edinburgh, Holmes did important work on 
‘radiometric dating and developed the con¬ 
cept of convection currents in the ‘mantle, 
caused by heat from radioactive decay. This 
latter work persuaded him to become an 
early supporter of ‘continental drift theory. 
His Principles of Physical Geology (1944, 1965, 
1993) has been an important textbook for 
more than 50 years. 



Hjulstrom effect 
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horizontal stack 


to have the same evolutionary origin, al¬ 
though their functions may differ widely, 
e.g. forelimbs, wings, and flippers in 'verte- 

homoplasy In the course of'evolution, the 
appearance of similar structures in different 
lineages (i.e. not by inheritance from a com¬ 
mon ancestor). The term includes 'conver¬ 
gent evolution and 'parallel evolution. See 
also REVERSAL. 

homopycnal flow At a river mouth, a flow 
of river water that is of the same density as 
the water in the basin receiving it. This re¬ 
sults in intense local mixing of waters, with 
considerable sedimentation, and is typical 
of 'Gilbert-type deltas. Compare hyperfycnal 
flow; and hypopycnal flow. 
homosphere Atmospheric layer from the 
Earth's surface to approximately 80 km alti¬ 
tude, where the relative proportions of the 
various gaseous constituents, excluding 
water vapour, remain almost constant. See 
also HETEROSPHERE, 
homospory See spore. 
homotaxis Literally, ‘the same arrange¬ 
ment’ (from the Greek homos and taxis). The 
term was proposed by T. H. Huxley (1825-95), 
in an address to the 'Geological Society of 
London, to describe 'strata from different 
areas that contain similar lithologic or 
'fossil successions but are not necessarily of 

Honda-Mrkos-Pajdusakova A 'comet 
with an orbital period of 5.29 years; 'perihe¬ 
lion date 17 January 1996; perihelion dis¬ 
tance 0.581 AU. 

hoodoo (earth pillar) An erosional feature 
that is seen in 'badlands. It may result from 
severe 'gully erosion, but a hoodoo often de¬ 
velops where a resistant 'cap rock protects 
softer sedimentary strata. Rain erodes the 
softer rocks, leaving a pinnacle, which is the 
hoodoo. Hoodoos also develop where a boul¬ 
der protects 'till. Hoodoos are often conical 
in shape beneath the cap rock and they some¬ 
times occur in groups. Their curious shapes, 
which from a distance may bear a faint re¬ 
semblance to a robed human figure, account 
for their name. 

Hooke, Robert (1635-1703) An experimen¬ 
tal philosopher, Hooke investigated a very 
wide range of topics and published exten¬ 


sively. He is responsible for 'Hooke’s law, 
which laid the foundations for the scientific 
study of elasticity. In the field of Earth sci¬ 
ences, he studied gravity and planetary move¬ 
ments, earthquakes, geomagnetism, and the 
nature of fossils and crystallography. 
Hooke's law The law, named after Robert 
'Hooke, which describes the behaviour of 
perfectly elastic materials in terms of a 
straight-line relationship between 'stress 
and 'strain in such materials. Strain is di¬ 
rectly proportional to the applied stress pro¬ 
vided the medium remains elastic (i.e. the 
'elastic limit is not exceeded); stress is equal 
to the strain multiplied by a constant of elas¬ 
ticity ('Young’s modulus). The law also states 
that stress divided by strain is a constant. 
See also elastic constants. 
hopeful monster An individual possess¬ 
ing a macromutation which is of no benefit to 
the individual carrying it (i.e. the individual 
is a monster), but that may prove beneficial to 
one of its descendants if the mutation under¬ 
goes some further, but minor change (i.e. the 
monster is hopeful). 

'hopper' crystals Cubic crystals of'halite 
or 'pseudomorphed (replaced) halite, char¬ 
acterized by sunken depressions on the 
crystal faces. 

horizon 1. An 'informal term used in 
'stratigraphy to denote a plane within a body 
of 'strata. This may be at a boundary of litho¬ 
logical change, or commonly the term may 
refer to a thin, distinctive 'bed within a litho¬ 
logical unit. See also biohorizon. 

2 . An interface separating two media with 
different geophysical properties. 

3 . In soil, a horizontal layer that can be dis¬ 
tinguished from the layers below and (except 
for the surface layer) above it. Identified by a 
coding system using a capital letter, some¬ 
times followed by a subscript, such layers are 
used to diagnose soil types. See soil horizon. 
horizontaldrillingThe drilling of an oil or 
natural gas well at an angle to the vertical, so 
the well runs parallel to the formation con¬ 
taining the oil or gas. Production from the re¬ 
sulting well, known as a horizontal hole, is 
often three to five times greater than that 
from a vertically drilled well, 
horizontal hole See horizontal drilling. 
horizontal stack See common-depth-point 
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with dilute alkali and precipitated by 
acidification to *pH 1.0-2.0 (in contrast with 
fulvic acid, which remains soluble in acid 
solution), 

humic coal See coal. 

humidity Expression of the moisture con¬ 
tent of the atmosphere. Measures of humidity 
include statements of the total mass of water 
in 1 m 3 of air (absolute humidity), the mass of 
water vapour in a given mass of air (specific 
humidity), ‘relative humidity, vapour pres¬ 
sure, and the ‘mixing ratio, 
humid mid-latitude morphodimatic 
zone A ‘morphodimatic region in which 
the rate of ‘chemical weathering is moder¬ 
ate, and high in low latitudes. ‘Mechanical 
weathering is moderate, with ‘frost action 
being important at high latitudes. ‘Fluvial 
activity is moderate, and the rate of ‘mass- 
wasting is moderate to high. Wind action is 
significant only near coasts, 
humid tropical morphodimatic zone 
A ‘morphodimatic region in which the rate 
of ‘chemical weathering is high, but that of 
‘mechanical weathering fairly low. ‘Mass- 
wasting occurs sporadically. Locally there are 
high rates of transport of ‘dissolved load and 
‘suspended load. 

humification The sequence of reactions by 
which decaying organic material is converted 
to ‘humus. 

humilis From the Latin humilis meaning 
‘low’, a species of shallow ‘cumulus cloud 
which typically has a flattened appearance. 
See also cloud classification. 
humite See chondrodite. 
hummocky cross-bedding A form of 
cross-bedding (see cross-stratification) char¬ 
acterized by cross-laminations which have 
both concave and convex-upwards forms. The 
cross sets cut across one another with concave 
and convex-upwards surfaces, and the cross¬ 
beds have an external form of convex- 
upwards hummocks with wavelengths of 
about 1-5 m. The structure has been recog¬ 
nized only in ancient sediments and is 
thought to be the product of storm waves. 
See SWALEY CROSS-BEDDING. 

hummocky moraine A strongly undulat¬ 
ing surface of ground ‘moraine, with a 
relative relief of up to 100 m, and show¬ 
ing steep slopes and deep, enclosed depres¬ 
sions. It results from the downwasting (i.e. 


thinning) of ice which is usually stagnant. 
Blocks of ice may squeeze debris released from 
the ice into ‘crevasses between the blocks, 
humus 1. Decomposed organic matter in 
soils that are ‘aerobic for part of the year. It is 
dark brown and amorphous, having lost all 
trace of the structure and composition of the 
vegetable and animal matter from which it 
was derived. 

2 . Surface organic ‘soil horizon that may be 
divided into types: *mor (acid and layered) or 
‘mull (alkaline and decomposed). It is now 
known as a ‘‘histic epipedon’. 

Huronian 1. A ‘system of the ‘Proterozoic, 
extending from about 2 500 to 1400 Ma ago 
(Int. Commission on Stratigraphy, 2004) 
and containing three glacial cycles. 2 . A 
Lower-Middle Proterozoic ‘stage, extending 
from about 2 600 to 1500Ma ago (Van 
Eysinga, 1975). 

hurricane 1. The name given to a ‘tropical 
cyclone that develops over the N. Atlantic and 
Caribbean. Hurricanes move westward, then 
swing north, on tracks that often carry them 
across inhabited islands and coastal areas of 
Mexico and the USA. 2 . A wind blowing at 
more than 120 km/h (75 mph), which is Force 
12 on the ‘Beaufort scale. 

Hutton, James (1726-97) Scottish natural 
philosopher, prominent advocate of Pluton- 
ist and uniformitarian theories, who pub¬ 
lished The Theory of the Earth (1795). His ideas 
were based on the study of crystalline rocks, 
but he paid little attention to stratigraphy 
and organic remains. He recognized that un¬ 
conformities implied that earth movements 
must have occurred. His work was popular¬ 
ized by ‘Playfair. See plutonism; and unifor- 

MITARIANISM. 

Huygenian eyepiece See eyepiece. 
Huygens A mission by ‘NASA and *ESA, car¬ 
ried by ‘Cassini and launched in 1997, to 
‘Titan. Huygens reached Titan in 2004. 
Huygen's principle Each point of an ad¬ 
vancing wavefront can be thought of as a new 
source of secondary wavelets, so that the en¬ 
velope tangent to all these wavelets forms a 
new wavefront. 

Hyaenidae See carnivora. 

Hyakutake A ‘comet with an orbital period 
of more than 65 000 years; ‘perihelion date 1 
May 1996; perihelion distance 0.230AU. 
hya I ine Translucent or transparent; glass-like. 
























































hydrovolcanic processes 


heated by contact with molten rock, com¬ 
monly to about 300 °C. The vent water often 
contains dissolved sulphides. These are ox¬ 
idized by chemosynthetic bacteria, which fix 
carbon dioxide and synthesize organic com¬ 
pounds. Near the vents, at temperatures up to 
40 °C, there are highly productive communi¬ 
ties comprising animals that utilize the or¬ 
ganic compounds or live symbiotically with 
the chemosynthetic bacteria; these organisms 
support carnivores and detritivores. These 
communities include beard worms (phylum 
*Pogonophora) that completely lack a diges¬ 
tive tract, Munidopsis crabs (superfamily 
Galatheoidea), giant clams (e.g. Calyptogena 
magnified), mussels, acorn worms (class En- 
teropneusta), and many more. Vent fluids 
containing high concentrations of iron, man¬ 
ganese, and copper tend to be hot (about 
350 °C) and black. They are known as ‘black 
smokers’. ‘White smokers’ flow more slowly, 
are cooler, and contain high concentrations of 
arsenic and zinc. See hydrothermal activity, 
and HYDROTHERMAL MINERAL. See also COLD SEEP, 
hydrovolcanic processes A sequence of 
events initiated by the interaction of a body of 
•magma and water external to the magma 
system. For example, when a rising body of 
magma encounters external *groundwater it 
converts the groundwater to steam which ex¬ 
pands rapidly, fragmenting the surrounding 
rocks and magma to generate a phreatomag- 
matic eruption (see also phreatic activity). 
When lava is erupted under water, the water 
removes heat rapidly from the outer margin 
of the flow, which is chilled to a glass, and 
fractured and fragmented during contrac¬ 
tion. The fragmented glassy margin of the 
flow forms a *hyaloclastite envelope around 
the flow. See pillow lava. 
hydroxides Applied to *minerals whose 
chemical composition includes the OH radi¬ 
cal, and often to those with water molecules, 
whose presence gives hydrated oxides. 
Among the important hydroxide minerals 
are: *brucite, Mg(OH) 2 ; ‘gibbsite, A1(0H) 3 ; 
•diaspora, a-AlO(OH); *boehmite, y-AlO(OH); 
•limonite, Fe0(0H).nH 2 0; and *goethite, 
a-FeO(OH). 

hydroxyapatite A hydrated calcium phos¬ 
phate mineral, which also contains fluoride, 
chloride, and carbonate calcium salts. It is 
often formed as a consequence of •biominer¬ 
alization, producing hard structures, such as 


Hydrozoa (hydroids) (phylum *Cnidaria) 
Class of multicellular, mainly marine ani¬ 
mals with cells arranged in two layers, the 
epidermis and the gastrodermis (endoder- 
mis), separated by a gelatinous mesogloea. 
These enclose a continuous digestive cavity 
(coelenteron), which communicates di¬ 
rectly with the exterior by a single aperture 
(mouth) and is lined by a gastrodermis. The 
gastrodermis lacks nematocysts. Hydrozoa 
are Lower * Cambrian to Recent. See also mille- 
porina; and stylasterina. 
hyetograph A chart that shows the 
amount and duration of rainfall at a particu¬ 
lar place. The instrument producing the 
chart is also called a hyetograph. It comprises 
a reservoir in which rainwater collects, with a 
float connected mechanically to a pen, and a 
rotating drum bearing the graph paper. As 
the water level rises and falls in the reservoir 
the movement is transmitted to the pen, 
which traces a line on the graph paper, 
hygromagmatophile elements See 
incompatible elements. 
hygrometer Instrument for measuring 
atmospheric humidity. Types include the 
wet-bulb-dry-bulb, dew-point, and *hair hy¬ 
grometers, and there is one type based on 
electrical resistance. See also psychrometer. 
hygroscopic nucleus Microscopic par¬ 
ticle (e.g. of sulphur dioxide, salt, dust, or 
smoke) in the free air, on which water vapour 
may condense to form droplets. *Aerosols 
that are soluble in water (e.g. salt or sulphuric 
acid) can induce condensation in unsatu¬ 
rated air, e.g. salt nuclei can induce it at a*rel- 
ative humidity of less than 80%. The size of 
nuclei may be from 0.001 pm to more than 
10 pm (i.e. ‘giant’ nuclei such as particles of 
sea-salt). See also aitken nuclei; and nucleus. 
hygroscopic water Water absorbed from 
the atmosphere and held very tightly by the 
soil particles, so that it is unavailable to 
plants in amounts sufficient for them to sur¬ 
vive. Compare capillary moisture. 
hygrothermograph(thermo-hygrograph) 
An instrument used for the continuous 
recording of both the temperature and hu¬ 
midity of the air, on separate traces. 
Hylonomus lyelli Ancient, probably 
the oldest-known, *reptile. Hylonomus is a 
stem reptile and a member of the *Captorhi- 
nomorpha. It was first found in fossilized tree 
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glaciation until the ‘Quaternary. Suggestions 
have been made for other ice ages during the 
‘Palaeozoic but evidence for them is sparse. 
The ‘Pleistocene ice age is the best docu¬ 
mented, but there is undoubted evidence of 
earlier glaciations in the geologic record, 
iceberg calving See calving. 
ice blink Whitish appearance seen above 
the horizon, caused by light reflection over 
an ice or pack-ice surface, 
i ce cap Ice mass less than 50000 km 2 in area, 
but large enough to submerge the underlying 
topography and whose flow behaviour is a 
consequence of its size and shape. It consists 
of a central ‘ice dome together with outlet 
‘glaciers radiating from the periphery, 
ice core Along cylinder ofice that is obtained 
by drilling vertically downwards through an 
‘ice sheet. The seasonal accumulation of ice 
produces bands by which the age of the core 
can be determined and sections of it dated. 
Analysis ofice from particular sections reveals 
information regarding past climate (see 
oxygen-isotope analysis). Dust trapped in the 
ice indicates arid conditions (and low tempera¬ 
tures) and bubbles of air record the chemical 
composition of the atmosphere. Cores taken 
from the Greenland ice sheet (the Greenland 
Ice Core Project (‘GRIP) and Greenland Ice 
Sheet Project (*GISP)) have obtained samples 
up to 200 000 years old. Cores drilled near the 
Vostok Station, Antarctica, have reached ages 
of more than 400 000 years, 
ice crystal Frozen water composed of crys¬ 
talline structures, e.g. needles, dendrites, 
hexagonal columns, and platelets. Ice clouds 
are composed almost entirely ofice crystals, 
ice dome A main component (with the ‘out¬ 
let glacier) of an ‘ice sheet or ‘ice cap. It has a 
convex surface form, of parabolic shape, and 


tends to develop symmetrically over a land 
mass. Its thickness often exceeds 3 000 m. 
ice field A nearly level field of ‘ice, whose 
area may range from about 5 km 2 to near¬ 
continental size, formed when the land sur¬ 
face is sufficiently high or uniform for ice to 
accumulate. It differs from an ‘ice cap in that 
it lacks a domed form and its flow is con¬ 
trolled by the underlying relief, 
icehouse period Atime during which glac¬ 
iers reached their maximum extent, ocean 
waters were well mixed and oxygenated, and 
sea levels were low. In ‘cyclostratigraphy, 
fourth- and fifth-order cycles were predomi¬ 
nant. Compare greenhouse period. 

Iceland low The region of the N. Atlantic in 
which the average value of atmospheric pres¬ 
sure is low, owing to the frequency of low- 
pressure systems (cyclones or ‘‘depressions’) 
moving into and occupying the region. Any 
one of these systems, when present on an in¬ 
dividual day, may be called ‘an Iceland low’, 
but the term is used mostly to describe the 
statistical or climatic feature, 
ice nucleus Crystalline, microscopic par¬ 
ticle, either of ice or some other substance, 
which can induce the growth of ice crystals 
upon it from saturated air in cloud at temper¬ 
atures of about-25 °C or below. Deposition of 
water in this way—directly from vapour to 
form ice, without forming liquid in between— 
is called ‘sublimation’. During growth, splin¬ 
tering of the crystals (e.g. as a result of 
updrafts) causes large numbers of new nuclei 
to be formed. Compare freezing nuclei. 
ice sheet A large ice mass, with an area usu¬ 
ally greater than about 50 000 km 2 , made up 
of ‘ice domes and ‘outlet glaciers. The 
Antarctic ice sheet is the world’s largest, with 
an area of about 11.5 X 10 6 km 2 and a mean 
thickness of about 2 000 m. 
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ice shelf The outer part of an *ice cap or *ice 
sheet that extends into and over the sea. It 
typically ends in a cliff thatmaybe30m high, 
and the total ice thickness may be 200 m. Ice 
wastage is by ‘calving (the breaking away of 
ice blocks) and by bottom melt, 
ice stream See outlet glacier. 
ice wedge Tapering, vertically layered mass 
of ice, about a metre wide at the top and ex¬ 
tending downward for some 3-7 m. It results 
from contraction cracking of the ground dur¬ 
ing extreme cold, followed by water penetra¬ 
tion from the ‘active layer and subsequent 
freezing. It is characteristic of uniform sedi¬ 
ment, such as river ‘alluvium, under 
‘periglacial conditions, 
ice-wedge polygon See patterned ground. 
ichnoclast A ‘trace fossil that has been re¬ 
worked by a later organism, 
ichnocoenosis An assembly of ‘trace fos¬ 
sils made by members of a single community, 
ichnofabric The structure and texture of a 
sediment that is produced by the activity of 
living organisms. 

ichnofacies A rock or sequence of rocks 
characterized by its ‘lithology, inorganic 
‘sedimentary structures, and specific ‘trace 
fossils. The traces represent the behaviour of 
‘fossil organisms under particular environ¬ 
mental conditions. The relative abundance of 
different trace fossil ethotypes is critical to 
the determination of the correct ichnofacies. 
ichnofossil See eossilization; and trace 

ichnogenus Agroup of‘trace fossils thatis 
given a name because the similarity of the 
traces suggests they were made by closely re¬ 
lated species of organisms. Ichnological tax¬ 
onomy, which applies the principles of 
biological nomenclature to non-biological 
material, is governed by the International Code 
of Zoological Nomenclature. Above the level of 
genus, the Code indicates names should be 
used formally only to the family level; at 
higher levels all names are informal. Names 
of ichnogenera are conventionally written 
italicized and with a capital initial; ichno¬ 
genus is abbreviated as igen. See diplocrate- 
rion; rhizocorallium; and zoophycus. 
ichnoguild A group of ‘ichnospecies that 
shared particular resources or behaviour in 
the manner of a ‘guild. 


ichnology The study of the tracks, burrows, 
and other traces made by living organisms on 
and within a substrate. If the traces are recent 
and made by organisms that are still living, 
the study is called neoichnology. If the organ¬ 
isms are long disappeared and evidence of 
their presence is preserved as ‘trace fossils, 
the study is called palaeoichnology. 
ichnospecies A species (trivial) name as¬ 
signed to ‘trace fossils within an ‘ichno¬ 
genus and conventionally written italicized 
and with a lower case initial; ichnospecies is 
abbreviated as isp. 

ichnotaxobase Any morphological fea¬ 
ture of a ‘trace fossil that can be used in 
classification. 

ichnotaxonomy The formal classification 
of‘trace fossils. 

Ichthyornis See aves. 

Ichthyosauria (class ‘Reptilia, subclass 
Ichthyopterygia) Order of so-called ‘fish 
lizards’, and the only order in the sub-class, 
the first members of the group date from the 
‘Triassic and were primitive in type. The typ¬ 
ical, shark-like form. Ichthyosaurus, appeared 
in the ‘Jurassic, when the group in general 
was especially common. Ichthyosaurs disap¬ 
peared before the end of the ‘Cretaceous. 
Ichthyostega ‘Amphibians in the form of 
Ichthyostega and Ichthyostegopsis first appear in 
the Upper ‘Devonian. Ichthyostega shows 
refinements of the skull, and the develop¬ 
ment of strong limbs. It retains a long, rather 
fish-like tail, and links with the ‘crossoptery- 
gian fish are confirmed by the presence of 
teeth with a labyrinthine infolding of the 
enamel. Ichthyostega grew to just under 1 m 
in length. An unexpected finding about 
Ichthyostega and its relatives, from recently dis¬ 
covered, more complete specimens, is that 
they had more than the five digits per 
limb that characterize modern tetrapods: 
Ichthyostega had seven on the hind feet (the 
forefeet are still unknown), and Acanthostega 
had eight on both fore- and hind feet. 
Ichthyostegopsis See ichthyostega. 

TROSCOPY. 

-id See -hie. 

Ida A ‘solar system asteroid (No. 243), mea¬ 
suring 58X23 km; approximate mass 10 17 kg; 
rotational period 4.633 hours; orbital period 



































incident angle See 
incipient hardgrc 
incised meander 















































influent stream 


curvature of a fold changes sense between 
one closure and the next, 
influent stream See gaining stream. 
influx An inflowing of ‘sediment, fluid, 
mineralizing solution, or other material, 
informal The informal naming of a ‘strati¬ 
graphic unit occurs when (a) the unit-term is 
referred to as an ordinary noun, and not in 
the context of a proper name, e.g. ‘the geo¬ 
logic periods’; and (b) when a unit-term (such 
as ‘zone, or ‘formation) is referred to with¬ 
out having been specifically established in 
classification, e.g. ‘a sandstone formation’, 'a 
mineralized zone’. Terms used informally are 
not capitalized. Compare formal. See strati¬ 
graphic NOMENCLATURE, 
infrared radiation ‘Electromagnetic radi¬ 
ation which has a ‘wavelength between 
0.7pm and 100 pm. See also near-infrared; 
mid-infrared; reflected infrared; and 
thermal infrared. 

infrared remote sensing Method of dis¬ 
tinguishing various types of vegetation, 
rocks, etc. using either monochrome or 
coloured infrared film which can be used in 
conventional cameras. Potentially, ‘aerial 
photography using infrared film and 
coloured filters may be of benefit in prepar¬ 
ing ‘geologic maps. Longer-wavelength in¬ 
frared can discriminate most rocks, shorter 
wavelengths can reveal iron oxide, etc.; alter¬ 
ation effects around certain mineral de¬ 
posits, e.g. ‘porphyry coppers with their 
attendant ‘clay minerals, can also be distin¬ 
guished, and the technique allows a consider¬ 
ation of plant species affected by the nature 
of the ‘soil and rock substrate, 
ingrown meander See meander. 
inhomogeneity (heterogeneity) Irregular 
spatial variability in physical properties. 
Compare anisotropy. 

inhomogeneous strain ‘Strain, distrib¬ 
uted unevenly throughout a deformed body, 
in which straight lines and parallel lines in 
the undeformed material become curved and 
non-parallel on deformation. The mathemat¬ 
ical theory describing the geometry of inho¬ 
mogeneous strain is very complex and it is 
usual to divide this strain into smaller com¬ 
ponents of‘homogeneous strain, 
initial levee See lavalev^e. 
initial strontium ratio (common stron¬ 
tium) Strontium has four naturally occurring 


‘isotopes: 88 Sr; 87 Sr; 86 Sr; and “Sr. Of these, 
87 Sr is perhaps the most important because it 
is formed by the natural radioactive decay of 
the rubidium isotope 87 Rb; this decay pro¬ 
vides the basis for one of the most important 
geochronological methods. At its simplest, 
the initial strontium ratio (common stron¬ 
tium) of a rock is the ratio between the ra- 
dioactively produced isotope 87 Sr and the 
‘ordinary’, non-radiogenic isotope 86 Sr at the 
time when the rock crystallized. In a hypo¬ 
thetical rock containing no rubidium this 
ratio would remain unchanged for ever, but 
most rocks contain some rubidium; thus ra¬ 
dioactive decay constantly increases the 
amount of 87 Sr, and the ratio of 87 Sr to “Sr con¬ 
stantly increases, at a rate proportional to the 
amount of rubidium in the rock. The initial 
strontium ratio of a rock is determined by 
measuring the present-day 87 Sr: 86 Sr ratio in 
several of its constituent minerals. At the 
time when it first crystallized each mineral in 
the rock would have had the same 87 Sr: s6 Sr 
ratio, but each mineral contains a different 
amount of rubidium, so after any given time 
its 87 Sr: 86 Sr ratio will have increased away 
from the initial value by an amount exactly 
determined by the relative proportions of ru¬ 
bidium and strontium in it. Therefore, both 
the initial strontium ratio and the age of the 
rock can easily be found by plotting the mea¬ 
sured present-day ratios of the constituent 
minerals on an ‘isochron diagram. In 
‘petrology, initial strontium ratios are im¬ 
portant because they provide information 
that otherwise would not be available on the 
chemical composition and ages of the source 
regions of‘igneous rocks. For example, an ig¬ 
neous rock that has a very young radiometric 
age but a very high initial strontium ratio 
must have been derived from a source rich in 
87 Sr. Such a source must have been rich in ru¬ 
bidium and old enough for the 87 Sr to have ac¬ 
cumulated by the radioactive decay of s7 Rb. 
Young ‘granites in continental ‘collision 
zones (e.g. the Alps) have extremely high (up 
to 0.8) initial strontium ratios and formed by 
the melting of old crustal ‘gneisses. Granites 
formed by melting of the same rocks at dif¬ 
ferent times can be distinguished immedi¬ 
ately by their initial strontium ratios since 
the source rocks would have accumulated dif¬ 
ferent amounts of 87 Sr when melting oc¬ 
curred. Granites formed in ‘island arcs are 
derived from young ‘mantle materials and 
have strikingly lower (0.704-0.706) initial 
strontium ratios. Similar arguments can be 
applied to the source regions of ‘basalts in 
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intact rock strength The strength of a rock 
excluding weaknesses due to ‘fractures and 
*j oints. It is measured by the rebound value in 
a ‘Schmidt hammer test and by its response 
to a blow from an ordinary hammer. A very 
strong rock such as ‘quartzite, ‘dolerite, or 
‘basalt will break only under severe blows 
from the hammer and has a rebound value of 
100-60. A hammer blow will break a hand¬ 
held specimen of a strong rock (60-50) such as 
‘marble, ‘granite, or ‘gneiss. A firm blow 
will make a shallow indentation on the sur¬ 
face of a moderately strong (50-40) rock such 
as ‘sandstone or ‘slate and a deep indenta¬ 
tion on a weak (40-35) rock such as ‘coal or 
‘schist. A very weak (35-10) rock such as 
‘chalk or ‘halite can be cut with a knife and a 
sharp hammer blow will make it crumble. 
Integrated Ocean Drilling Programme 

See INTERNATIONA! PROGRAMME OF OCEAN 
DRILLING. 

intensification In meteorology, the in¬ 
crease of pressure gradient around a pressure 
system. See also weakening. 
intensity In ‘remote sensing, the energy 
reflected or emitted by a surface, 
intensity (earthquake) See earthquake 
magnitude; mercalli scale; and richter 
magnitude scale. 

intensity-hue-saturation processing In 

‘remote sensing, a form of ‘contrast stretch¬ 
ing in which the visibility of ‘pixel colour is 
enhanced. Usually the saturation values of 
pixels are stretched to fill parameter space, 
inter- From the Latin inter meaning ‘be¬ 
tween’, a prefix meaning ‘between’, 
interambulacral See interambulacrum. 
interambulacrum (interamb, adj. inter¬ 
ambulacral) In ‘Echinodermata, that area of 



Interambulacrum 


the body surface lying between ambulacra. 
See AMBULACRUM. 

inter-arc basin A type of ‘back-arc basin 
which is floored by ‘oceanic crust. The main 
sediments are turbiditic volcaniclastics de¬ 
rived from the volcanic arc. See also inter¬ 
arc TROUGH. 

inter-arc trough A *fore-arc basin devel¬ 
oped between an outer, non-volcanic arc and 
a volcanic arc. Compare inter-arc basin. 
interbiohorizon zone See interval zone. 
interception 1 . The capture of rainwater 
by vegetation from which the water evapo¬ 
rates and is thus prevented from reaching the 
‘water-table and contributing to ‘surface 
runoff, ‘soil moisture, or ‘groundwater 
recharge. 2 . The abstraction of groundwater 
part of the way along its flow path, where oth¬ 
erwise the water might be lost, e.g. as coastal 
spring discharges. 

intercept ratio See axial ratio; and para- 

intercept time The arrival time of a seis¬ 
mic wave, determined from the intercept of 
the extrapolation of the refracted straight- 
line segment of a ‘time-distance graph at 
zero ‘offset. 

intercrystalline boundary See voids. 
intercrystalline porosity See choquette 
and pray classification. 

interdigitating (interfingering, interlock¬ 
ing) Applied to a ‘facies boundary where the 
line of lithological change between one ‘sedi¬ 
mentary rock type and the next laterally adja¬ 
cent rock type is itself broken down into a 
series of wedge-shaped zig-zags or tongues. 
Where such interfingering occurs it is a record 
of the fluctuations in the local depositional en¬ 
vironment, implying that both types of ‘sedi¬ 
ment were being laid down at the same time, 
interface 1 . A device which connects two 
machines and allows them to communicate 
with one another. The term is used most com¬ 
monly in respect of equipment linked to a 
computer. 

2 . The boundary between two substances that 
have different properties. See also horizon. 
interface-controlled growth ‘Crystal 
growth in a ‘melt or ‘solution where the rate 
of crystal growth is controlled by the trans¬ 
port of material across the crystal-liquid 
interface. This type of growth tends to 
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intertropical convergence zone 


spacecraft comprising a *NASA mission, 
launched in 1978, to study the relationship 
between Earth and the Sun, the * solar wind, 
and *cosmic rays. In 1982, ISEE-3 was re¬ 
moved from its orbit about one of the *La- 
grangian libration points, eventually into a 
heliocentric orbit ahead of Earth that would 
intersect the comet *Giacobini-Zinner, at 
which point the spacecraft was renamed In¬ 
ternational Cometary Explorer (ICE). It tra¬ 
versed the plasma tail of the comet in 
September 1985. 

interparticle porosity See choquette 

AND PRAY CLASSIFICATION. 

interpenetrant twin (penetration twin) 

A twinned ‘crystal where parts of the twin 
appear to intertwine to give an irregular or 
indefinable contact surface. It is a special 
kind of‘contact twin, e.g. ‘quartz Dauphine 
twins and interpenetrant twins of‘fluorite, 
inter-record gap See seismic gap. 
intersection cleavage A ‘cleavage which 
crosses another planar feature and conse¬ 
quently forms an intersection ‘lineation 
with that feature. 

intersection lineation See directional 
fabric; intersection cleavage; and lin- 

intersertal Applied to an ‘igneous ‘tex¬ 
ture, especially well developed in ‘basalts, in 
which the wedge-shaped spaces between a 
meshwork of lath-shaped crystals, such as 
‘plagioclase, are filled with ‘glass, 
interstade (interstadial) Phase of warmer 
climate within a glacial period, but of shorter 
duration (and thought to be less warm) than 
an ‘interglacial. Warmth-demanding (ther¬ 
mophilous) species, e.g. Tilia (lime), are not 
represented in the ‘pollen record, which 


shows ‘Boreal affinities. The absence of ther¬ 
mophilous species may, however, be as much 
a consequence of the shorter time-span of an 
interstade as of the lack of warmth, 
interstadial See interstade. 
interstellar clouds Unusually dense 
patches of gas and dust, usually about 10 000 
times more massive than the ‘Sun, from 
which stars are believed to form. The clouds 
break up into many smaller, rotating frag¬ 
ments, which may become stars, 
interstellar medium Substance, pre¬ 
dominantly hydrogen (with some calcium, 
sodium, potassium, ‘hydrocarbons, and 
cyanogen) found in the space between the 
stars, mainly in the plane of the Milky Way. 
interstitial Pertaining to the spaces (inter¬ 
stices) between sedimentary particles, 
intertidal zone Area between mean high- 
water level and mean low-water level in a 
coastal region. See littoral zone. 
intertropical confluence Alternative 
term for the ‘intertropical convergence zone 
(ITCZ), preferred by some purists because of 
the discontinuous occurrence of conver¬ 
gence within it. 

intertropical convergence zone (ITCZ, 

equatorial trough) Low-latitude zone of con¬ 
vergence between ‘air masses coming from 
either hemisphere at the boundary between 
north-easterly and south-easterly trade 
winds. Low-latitude depressions often form 
along the zone, which moves latitudinally 
with the seasons, their occurrence being 
mainly in the ocean sectors and sometimes 
leading to tropical hurricanes (or typhoons) 
when the zone is displaced relatively far from 
the equator. Over land, continental wind sys¬ 
tems, e.g. the south-westerly monsoon and 
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the hot, dry, desert winds in Africa, converge 
at the zone. See intertropical confluence. 
intertropical front Meeting-point of air 
brought by the trade winds from the circula¬ 
tion of winds of the northern and southern 
hemispheres. It is not always a sharp ‘front, 
but is always a convergence zone. The equato¬ 
rial rains are associated with this conver- 

interval The time elapsing between two ge¬ 
ologic events. See also polarity interval. 
intervallum The space between the inner 
and outer walls of‘Archaeocyatha. 
interval time The difference in ‘two-way 
travel time between two reflection events on a 


interval velocity (V lnt ) Seismic velocity 
over a depth interval z. If the rock type is uni¬ 
form through that depth interval, then V^,, is 
equal to the ‘formation velocity. If the depth 
interval covers a number of rock beds, then 
the interval is equal to the ‘average velocity 
(V) calculated over the distance z. If z i is the 
thickness of the ith interval and t t is the one¬ 
way travel time through it, then V tat = zj% A 
specific form of V tat is given by the *Dix for¬ 
mula, where the interval is defined in terms 
of the two-way travel time rather than by a 
discrete difference in depth, 
interval zone (interbiohorizon zone, bios- 
tratigraphic interval-zone) The unit of 
‘strata lying between the top boundary of a 
distinctive lower ‘biostratigraphic unit and 
the base of an equally distinctive, but differ¬ 
ent, upper biostratigraphic unit. An interval- 
zone may or may not contain ‘fossils, 
intortus Twisted or entangled, the name 
of a variety of ‘cirrus cloud. See cloud 
CLASSIFICATION. 

intra- From the Latin intra meaning 'inside’, 
a prefix meaning ‘within’ or ‘on the inside’. 
1. Prefix used in the ‘Folk classification to 
specify a ‘limestone dominated by ‘intra¬ 
clasts. 2 . General prefix for a process or ob¬ 
ject found or developed within the setting in 
question, e.g. ‘intraformational conglomer¬ 
ate’ is a conglomerate derived from within 
the ‘formation of deposition, 
intraclast A ‘carbonate fragment of 
lithified, or partly lithified ‘sediment, derived 
from the erosion of nearby sediment and rede¬ 
posited within the same area (compare extra¬ 


clast). Such reworked fragments are often 
amorphous and structureless. Carbonate 
lumps, formed by the complete micritization 
(see micrite) of shell fragments are indistin¬ 
guishable from true intraclasts. They are, of 
necessity, classified with intraclasts, although 
clearly they are not true intraclasts, 
intrafolial fold A thinned and modified, 
tight to ‘isoclinal fold (see also fold) which com¬ 
monly shows a fold ‘hinge with only vestiges of 
detached limbs (see fold limb). Such folds are 
the result of intense deformation which causes 
‘bedding to be transposed along zones of shear 
and ‘solution. See also shear stress. 
intraformational See conglomerate. 
intramicrite A ‘limestone consisting of 
‘intraclasts set in a ‘micrite ‘matrix. See 
FOLK CLASSIFICATION. 

intra-orogen basin A ‘drainage basin lo- 

drainage network (see drainage pattern) ori¬ 
ented parallel to the ‘strike. 

intraparticle porosity See choquette 

AND PRAY CLASSIFICATION, 
intrasparite A ‘limestone consisting of 
‘intraclasts cemented together with sparry 
‘calcite (‘sparite). See folk classification. 
intrinsic permeability See permeability. 
intrusion See intrusive. 
intrusive Applied to a body of rock, usually 
‘igneous, that is emplaced within pre-exist¬ 
ing rocks. Intrusions are classified according 
to their size, their shape, and their geometri¬ 
cal relationship to the enclosing rocks, 
intrusive phonolite See tinguaite. 
invaded zone See flushed zone. 

Inverian A sub-*stage of the ‘Lewisian, 
from about 2 300-1600 Ma ago (Van Eysinga, 
1975). Other authors place this stage within 
the ‘Scourian as a metamorphic event, 
inverse problem The problem of deter¬ 
mining the nature of a physical feature by ex¬ 
amining the effects it has on, for example, 
potential fields, as in ‘gravity surveying 
when an anomaly is interpreted to produce a 
geologic model. Compare forward problem. 
inversion A reversal of a particular trend. 
1. A rock sequence in which the younger sed¬ 
iments are at the bottom. Inversion can be 
caused by ‘overfolding or ‘thrusting. It is a 





























































irrotational wave 


the plants or made available to their root sys¬ 
tems through a series of surface channels or 

irrotational wave See p-wave. 


ISAS See institute of space and astronauti- 

ischium In *tetrapods, the part of the 
‘pelvis that projects backward on the ventral 
side. In Primates, it bears the weight of the 
sitting animal. 

ISEE-C (ISEE-3) See international sun-earth 

EXPLORER-C. 

island arc Series of‘volcanoes that lies on 
the continental side of an oceanic ‘trench of 
a lithospheric ‘plate. The ‘volcanicity, whose 
products are mainly of intermediate compo¬ 
sition, results from the ‘subduction process; 
typically it occurs approximately 100 km 
above the down-going oceanic plate. Island 
arcs are the sites of strong seismic activity, 
and have distinctive thermal and magnetic 
properties. See also benioff zone; plate 
motions; and plate tectonics. 


volcanic island arc 





island-arc crustal type A type of very un¬ 
stable ‘crust with an average thickness of 
30 km that comprises fragments of‘continen¬ 
tal crust together with volcanic peaks. There is 
much ‘volcanicity and seismic activity, 
iso- From the Greek isos meaning ‘equal’, a 
prefix meaning ‘equal’, 
isobar Line on a weather map connecting 
points at the same atmospheric pressure. On 
surface charts the values are ‘reduced’ to sea 
level. Such isolines are drawn at a given inter¬ 
val in millibars. Contours of ‘isobaric sur¬ 
faces may be drawn to represent surfaces in 
the upper atmosphere composed of points at 
the same pressure. 


isobaric surface A surface on which any 
point experiences the same atmospheric 
pressure. See also isobar. 
isobase A line drawn on a map linking 
points at a particular height above sea level 
(i.e. a contour line) but that lie on surfaces 
formed at sea level at a specified time in the 

isobath A line drawn on a map linking 
points at the same depth below the water sur- 

isochore A line on a map which joins points 
of equal vertical interval between two datum 

isochron Aline joining points of equal time 
intervals or ages. In ‘geochronology the slope 
of the isochron may be used to determine the 
age of a suite of rocks. For example, if it is as¬ 
sumed that all the rocks formed from one 
‘magma had the same initial 87 Sr: 86 Sr ratio 

simple equation to describe the growth of 
‘radiogenic 87 Sr: 87 Sr = 87 Sr„ + 87 Rb(e‘' - 1) 
where 87 Sr 0 is the number of atoms of the 87 Sr 
‘isotopes incorporated into the rock at the 
time of formation, 87 Sr and 87 Rb are the num¬ 
bers of these isotopes after time t, and X is the 
‘decay constant. Because the number of 86 Sr 
is constant, we can derive an equation; 87 Sr: 
“Sr = 87 Sr 0 : 8s Sr + ( 87 Rb: 8s Sr)(e“ - 1) which 
would give a family of straight lines when 
plotted on a graph of 87 Sr: 86 Sr (on the y axis) 
against 87 Rb: 86 Sr (on the x axis). All rock spec¬ 
imens belonging to a co-magmatic suite will 
plot as points on a straight line called an 
‘isochron’ because all points on the line rep¬ 
resent systems having the same age (t) and the 
same initial 87 Sr: 86 Sr ratio. In order to date co- 
magmatic ‘igneous rocks by the ‘whole-rock 
isochron method, a suite of rocks must be col¬ 
lected which span as wide a range of Rb/Sr ra¬ 
tios as possible, so that the slope of the 
isochron will be well defined. The age of the 
suite of rocks is obtained from the slope (m) 
using the equation m = e M -1. Isochrons can 
also be determined in ‘lead-lead dating by 
plotting a series of ‘growth curves. See also 
ISOCHRON MAP. 

isochron map I.Amap showing the varia¬ 
tion in the difference of the ‘two-way travel 
times between two ‘seismic reflection events. 
2. A map of two-way travel times to the same 
reflector event marked by ‘isochrons (lines of 
equal travel time). 




isotherm 


isochronous Applied to events or lithologi¬ 
cal units that either (a) occupy the same time 
interval (i.e. are of the same duration); or 
(b) occur simultaneously or are of the same age. 
In the latter sense 'isochronous' is a synonym 
for ‘synchronous’. Compare diachronous. 
isoclinal fold A *fold in which the two 
hmbs are parallel. 

isoclinic chart A map showing lines of 
equal "inclination of the "geomagnetic field, 
isoconductivity map A map whose con¬ 
tours link points of equal electrical or ther¬ 
mal "conductivity, 
isof rigid See pergelic. 
isogal Line on a map joining places of equal 
"gravitational acceleration, 
isogon A line joining points of equal "dip 
on the inner and outer bounding surfaces of a 
folded layer. See dip isogon method. 
isogonic Applied to lines on a map joining 
places of equal angle, commonly geomag¬ 
netic "declination, 
isograd See index mineral. 
isogyre See intereerence figure. 
isohel Line connecting points of equal aver¬ 
age sunshine duration, 
isohyet Line on a climate map connecting 
points of equal average rainfall, 
isohyperthermic See pergelic. 
isomagnetic chart A map of equal mag¬ 
netic elements, usually geomagnetic inten¬ 
sity or direction, 
isomesic See pergelic. 
isometric See cubic. 

isomorphous Applied to two compounds 
having the same, or nearly the same, crystal 
"form and containing "ions of approxi¬ 
mately the same size or relative size. Isomor¬ 
phous compounds may show "solid solution. 
Compare isotypic. 
isomyarian See muscle scar. 
isoneph Line on a map joining points of uni¬ 
form cloud cover. 

isopach A contour line joining points of 
equal thickness in a rock layer. The isopach 
should represent the true thickness, i.e. cor¬ 
rected for dip effects, but this is rare. Isopachs 
are essential for estimating the volumes and 


dispersal of volcanic ashes (i.e. the thickness 
around a volcanic vent), 
isopach map A subsurface geologic map 
showing "isopachs in plan view throughout 
a particular geographic area. Isopach maps 
are constructed, for example, to enable an es¬ 
timate to be made of the size and shape of a 
"petroleum "reservoir, or of the approximate 
topographic relief of an underlying, older 
land surface. 

isopycnal A line joining points of equal 
density within a water mass. A three-dimen¬ 
sional surface of equal density is called an 
isopycnal surface, 
isopygous See pygidium. 
isoresistivity map A map whose contours 
link points of equal electrical "apparent re¬ 
sistivity. 

isoseismal map A map with lines of either 
equal seismic intensity or equal frequency of 
"earthquakes. 

isospore See spore. 

isostasy A model for the upper region of the 
Earth in which differences in elevation are 
compensated by either low-density roots or 
lower-density surface rocks. The rigidity of 
the tectonic "plate allows some departure 
from this model. See isostatic anomaly; airy 
hypothesis; and pratt hypothesis. 
isostatic anomaly A "gravity anomaly on 
a scale of more than 100 km that is associated 
with areas previously loaded, e.g. by ice (see 
glacio-isostasy), lakes, etc., or where recent 
tectonic activity has loaded the "crust, e.g. 
mountain formation, volcanic loading, etc. It 
is generally removed from "Bouguer anom¬ 
alies as part of the regional gradient, but it 
can also be calculated. See airy model; and 


isostatic compensation The flexural ad¬ 
justment of the "lithosphere, increase in 
topography, or presence of low-density roots 
that is introduced into a model to account for 
"isostatic anomalies. The actual compensa¬ 
tion depends on the model used for the 
Earth’s lithospheric structure. See airy 

isostructural See isotypic. 

isotherm Line on a climate map connecting 

points of equal average temperature. 
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IX 


substances move through an organism, a liv- 

Non-radioactive chemical analogues of cer¬ 
tain substances may be used for the same 
purpose if their movement can be monitored 
(e.g. caesium, which can be substituted for 
potassium). 

isotopic dating Means of determining the 
age of certain materials by reference to the 
relative abundances of the parent ‘isotope 
(which is radioactive) and the daughter iso¬ 
tope (which may or may not be radioactive). If 
the decay constant (the ‘half-life or disinte¬ 
gration rate of the parent isotope) and the 
concentration of the daughter isotope are 
known, it is possible to calculate an age. See 
also dating methods; radioactive decay; ra¬ 
diocarbon dating; and radiometric dating. 
isotrophic See bellerophontiform. 
isotropic Applied to substances whose opti¬ 
cal or other physical properties are the same 
from whatever direction they are observed. 
In thin-section and polished-section mi¬ 
croscopy, an isotropic mineral has only one 
‘refractive index or one ‘reflectance value re¬ 
spectively, whatever the orientation of the 
mineral as indicated in ‘crossed polars. The 
beam of light is not split into two vibration di¬ 
rections, therefore, but passes through or is 
reflected off the mineral with no change in its 
optical characteristics, 
isotropic indicatrix See indicatrix. 
isotropy The uniformity of physical charac¬ 
teristics of a medium irrespective of the di¬ 
rection in which they are measured. Compare 
anisotropy; and inhomogeneity. 
isotypic (isostructural) Applied to a pair of 
‘isomorphous compounds in which the rela¬ 


tive sizes of the ‘ions to each other are the 
same in each pair, but their absolute sizes are 
different. ‘Solid solution is impossible, 
isovelocity plot See velocity survey. 
isovol A line drawn on a map of a coalfield 
joining points at which coals have similar 
proportions of ‘volatiles, 
isp. Abbreviation for ‘ichnospecies. 

ISSC International Subcommission on Strati¬ 
graphic Classification. 

Isuan A ‘system of the Lower ‘Archaean, ex¬ 
tending from about 3 800Ma to about 3 500 
Ma ago, and named from the Isuan super- 
crustal rocks of western Greenland that in¬ 
clude the Amitsoq ‘gneisses, 
itabirite The name given in Brazil to 
‘banded iron formations. 

ITCZ See INTERTROPICAL CONVERGENCE ZONE, 
iterative evolution Repeated ‘evolution 
of similar or parallel structures in the ‘devel¬ 
opment of the same main line. There are 
many examples of iterative evolution in the 
fossil record, spanning a wide range of 
groups. This evolutionary conservatism prob¬ 
ably is due to the overriding morphogenetic 
control exerted by certain regulatory ‘genes. 
IUGS International Union of Geological Sci- 

IVD Abbreviation for ‘ignimbrite veneer de¬ 
posit. See mantle bedding. 

Ivorian A ‘stage of the ‘Tournaisian, dated 
at 348-345.3 Ma (Int. Commission on Stratig¬ 
raphy, 2004). 

l-wave See seismic-wave modes. 

IX See ion exchange. 
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king crab See chelicerata. 
kink band An asymmetric, linear zone of 
deformation characterized by short *fold 
limbs and very small ‘hinge zones. Kink 
bands commonly occur as ‘conjugate sets (see 
CONJUGATE FOLD). 

kipuka A Hawaiian term describing an ‘is¬ 
land’ of land completely surrounded and cut 
off by *lava. Kipukas are also known by the 
term ‘dagalas’ in Italy. 

Kirkfield A ‘stage (457-458 Ma ago) of the 
‘Ordovician in the Upper ‘Champlainian 
‘Series of N. America. 

Kirkwood Gaps See resonance. 
Klazminskian A ‘stage (300.5-303.9Ma 
ago) in the ‘Gzhelian Epoch, preceded by the 
‘Dorogomilovskian (‘Kasimovian Epoch) 
and followed by the ‘Noginskian. 
klippe In geology, a ‘tectonic ‘outlier pro¬ 
duced by the ‘erosion or ‘gravity-gliding of 
one or more ‘nappes. The front portions of 
the nappes become detached to produce the 
klippe structure, 
knee twin See geniculate twin. 
knick point (headcut) Abrupt change of 
gradient in the generally smooth long-profile 
of a stream, and typically separating two 
concave-up segments. It is often attributed to 
a fall in base level: this, it is said, initiates a 
knick point which then slowly travels up¬ 
stream. It may alternatively be due to a 
change in rock type or load size, or to tribu¬ 
tary entry. 

knob and kettle (sag and swell topogra¬ 
phy) The landscape sometimes found on 
a recent terminal ‘moraine complex 
and consisting of a hummocky mound (the 
‘knob’) alternating with a depression (the 
'kettle'). The ‘kettle’ results from the melting 
of a block of ice enclosed in the ‘drift. 
Knobby Terrain See martian terrain 

knock and lochan Term descriptive of a 
glaciated landscape of low relief which is 
made up of ice-moulded hillocks and inter¬ 
vening ‘lochans (small lakes) eroded along 
zones of rock weakness. It is especially well 
developed in the Lewisian ‘gneiss area of the 
coastal lowlands of north-western Scotland, 
knot Unit of speed equal to one nautical mile 
per hour (0.515 m/s). It is still used in many 


countries as a measure of wind speed and cur¬ 
rent velocity (as well as for the speed of ships 
and aircraft). 

Kohoutek A ‘comet with an orbital period 
of 6.24 years; ‘perihelion date 28 December 
1973; perihelion distance 1.571 AU. 
komatiite An ‘extrusive ‘igneous rock of 
‘peridotite composition, dominated by ‘es¬ 
sential magnesium ‘olivine accompanied by 
lesser amounts of aluminous ‘clinopyroxene 
and ‘chromite, and found as ‘lava flows 
and shallow ‘sills within ‘Archaean and 
‘Proterozoic rock successions. Many komati¬ 
ite flows were erupted above their ‘liquidus 
temperature and may have had temperatures 
in excess of 1600°C. Because their melting 
temperature is much higher than that of 
‘basalts, ‘sediments, etc., they were quite ca¬ 
pable of melting the rocks over which they 
flowed. Flows commonly show an upper zone 
containing magnesium ‘olivine or alumi¬ 
nous ‘clinopyroxene crystals with ‘spinifex 
texture, indicating extreme ‘undercooling 
of the upper part of the flow by contact with 
the atmosphere on extrusion. Komatiites rep¬ 
resent the only known examples of peri- 
dotitic ‘magma. 

kona storm Storm conditions associated 
with very strong southerly winds over the 
Hawaiian islands, bringing heavy rainfall. 
The winds blow in conjunction with the pas¬ 
sage of a ‘depression to the north of the is- 

Konigsberger ratio (<?, Q„) Originally the 
ratio (Q) of the intensity of ‘natural remanent 
magnetization (NRM) of an ‘igneous rock to 
the intensity of magnetization induced at 
room temperature in a magnetic field the 
same as that in which the original NRM was 
acquired. Now it usually means the ratio (QJ 
of the intensity of NRM to that induced in a 
magnetic field of 50 pT at room temperature, 
kopje See koppie. 

Koppen, Wladimir Peter (1846-1940) A 
meteorologist who developed the climate 
classification system that bears his name. He 
was born in St Petersburg, Russia, of German 
parents, studied at the universities of Heidel¬ 
berg and Leipzig, and during 1872-3 worked 
in the Russian meteorological service. In 1875 
he moved to Hamburg, Germany, where he 
headed a new division of the Deutsche See- 
warte, formed to issue weather forecasts for 
the land and sea areas of northern Germany. 
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struck the Earth about 65 Ma ago near Chicx- 
ulub, on the coast of northern Yucatan, Mex¬ 
ico. Initial evidence for the impact was an 
iridium-enriched layer of clays, found in 
many parts of the world. The Chicxulub 
crater, now filled with sediments, is about 
180 km in diameter. Many scientists have con¬ 
cluded that the impact caused the mass ex¬ 
tinction at the end of the ‘Cretaceous. 
Kuehneosaurus latus First of the eolacer- 
talians, flying lizards which flourished dur¬ 
ing the Late ‘Triassic. Essentially these were 
of ancestral stock, hut the outward extension 
of the ribs indicate a specialized adaptation 
towards gliding. 

Kuenen, Philip Henry (1902-72) A Dutch 
geologist and one of the founders of modem 
sedimentology, Kuenen’s participation in 
the Snellius deep-sea expedition to the 
Moluccas (1929-30) directed his attention to 
marine geology. One of the very few experi¬ 
mental geologists, he demonstrated the 
efficacy of high-density ‘turbidity currents 
in transporting sand to deep-sea environ¬ 
ments. In 1950 Kuenen, together with the 
Italian geologist C. I. Migliorini, interpreted 
the graded ‘sandstone beds of ancient 
‘flysch sequences as ‘turbidites. The study of 
their ‘sedimentary structures has con¬ 
tributed much to ‘palaeogeography. His 
most widely known book in the English lan¬ 
guage is the early classic on Marine Geology 
(1950). 

Kuiper, Gerard (or Gerald) Peter 

(1905-73) A Dutch-born American as¬ 
tronomer who discovered ‘Miranda and 
‘Nereid, was a member of the team which 
discovered ‘Janus, and who made many im¬ 
portant studies of planetary and lunar fea¬ 
tures and the origin of the ‘solar system. He 
also predicted, in 1948, that carbon dioxide is 
one of the major constituents of the martian 
atmosphere and discovered that ‘Titan has a 
methane atmosphere. He suggested that ma¬ 
terial left over from the formation of the solar 
system might form a belt, now called the 
‘Kuiper belt, beyond the orbit of ‘Pluto. 
Kuiper was born at Harenskarspel and edu¬ 
cated at Leiden. He migrated to the USA in 
1933 and became a US citizen in 1937. He 
worked at the Yerkes Observatory, University 
of Chicago, and was its director from 1947 to 
1949 and again from 1957 to 1960. From 1960 
until his death he was director of the Lunar 
and Planetary Laboratory, University of Ari¬ 


zona. The International Astronomical Union 
named a crater on Mercury for him. 

Kuiper belt A region of bodies, made 
mainly from ice, that lies just beyond the 
orbit of‘Pluto and supplies the ‘solar system 
with short-period comets, e.g. ‘Halley. At its 
outer margins the Kuiper belt extends into 
the ‘Oort cloud. The existence of the Kuiper 
belt was proposed by Gerard P. ‘Kuiper, in 
1988 its role as the source of short-period 
comets was suggested, and in the early 1990s 
the first objects belonging to the Kuiper belt 
were discovered. 

Kula Plate A formerly large lithospheric 
‘plate in the north-western Pacific that met 
the ‘Pacific and ‘Farallon plates at a ‘triple 
junction. It was subducted during the ‘Juras¬ 
sic, ‘Cretaceous, and ‘Cenozoic, only frag¬ 
ments now remaining as ‘terranes in the 
NorthAmerican ‘cordillera. 

Kungurian 1 . The final ‘age in the Early 
‘Permian Epoch, preceded bythe ‘Artinskian, 
followed by the Roadian (Late Permian), and 
dated at 275.6-270.6 Ma (Int. Commission on 
Stratigraphy, 2004). 

2 . The name of the corresponding eastern 
European ‘stage, which is roughly contem¬ 
poraneous with the Weissliegende (western 
Europe), upper ‘Leonardian (N. America), and 
Tae Weian (New Zealand). Boundary and corre¬ 
lation uncertainties have led to some rocks 
being assigned to either the Artinskian or 
Ufimian Stages, 
kunkar See calcification. 

Kuril Trench The oceanic ‘trench which 
marks part of the ‘destructive plate margin 
between the ‘Pacific and *N. American 
Plates. The Kuril Trench is backed by the Kuril 
‘Island Arc, running from Kamchatka to 
northernmost Japan. 

Kuroshio current Oceanic surface current 
that flows northwards from the Philippines, 
along the Japanese coast, and then out into 
the N. Pacific. It is an example of a western 
‘boundary current: fast-flowing (up to 3 m/s), 
narrow (less than 80 km), and relatively deep. 
It is second in strength only to the Gulf 
Stream. The warm water transports heat 
polewards. The volume transport is variable 
but is normally about 4 X 10 7 m 3 /s. 
kurtosis The degree of peakedness in a dis¬ 
tribution curve. If kurtosis (K) is 1, the curve 
is said to be mesokurtic; if K is greater than 
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large-aperture seismic array (LASA) An 

*array of ‘geophones in Montana, USA, 
which is used to detect seismic events and to 
distinguish between those caused by nuclear 
explosions and those caused by ‘earth¬ 
quakes. 

large-ion lithophile (LIL) Element of large 
‘ionic radius and with a ‘valency of 1 or 2 
(e.g. Rb 2+ , Pb 2+ , and Ba 2+ ), which during ‘ig¬ 
neous fractionation tends to be concentrated 
in silicic ‘melts, and from which LILs are in¬ 
corporated mainly into potassium ‘silicates 
such as the ‘alkali feldspars and ‘micas. See 
also FRACTIONAL CRYSTALLIZATION; and INCOM¬ 
PATIBLE ELEMENTS. 

LARI See low-aspect-ratio ignimbrite. 

Larissa (Neptune VII) A satellite of ‘Nep¬ 
tune, measuring 208 X 178 km; visual albedo 
0.06. 

larvikite A coarse-grained, ‘intrusive ‘ig¬ 
neous rock that consists of essential potash 
‘feldspar, ‘oligoclase feldspar, titaniferous 
‘augite, and sodic ‘amphibole, together with 
accessory ‘biotite, ‘quartz, or ‘nepheline 
(depending on the ‘silica saturation), ‘mag¬ 
netite, ‘zircon, and ‘apatite. The two feldspar 
types occur in equal proportions, making the 
rock a type of ‘monzonite. Larvikite was first 
described by ‘Brogger in 1890 from the Larvik 
district of southern Norway. Larvikite can be 
an impressive ornamental stone. 

LASA See large-aperture seismic array. 
Laschamp See brunhes. 
laser An acronym for light amplification by 
stimulated emission of radiation, a device for 
emitting a single, intense beam of coherent, 
monochromatic light (i.e. light at a single 
wavelength). See also maser. 
laser altimeter An instrument that mea¬ 
sures the distance from an orbiting space¬ 
craft to a ‘satellite surface by measuring the 
time of travel of a reflected ‘laser beam. Ac¬ 
curacy is within a few metres. Since the posi¬ 
tion of the spacecraft is known, elevations on 
the surface can be obtained, 
laser ranging The establishment ofprecise 
Earth-Moon distances by aiming ‘laser 
beams telescopically, from the Earth at 
reflecting mirrors placed on the lunar sur¬ 
face by the Apollo 11-15 missions, and mea¬ 
suring the return time to the receipt of the 
reflections. By making such measurements 


from different terrestrial sites relative ‘plate 
motions can be determined. 

last-appearance datum (LAD) The last 
recorded occurrence of a key taxon in biolog¬ 
ical history. 

Late-Devensian Interstadial See Win¬ 
dermere interstadial. 
late-glacial Term usually applied to the 
time between the first rise of the temperature 
curve after the last minimum of the ‘Deven- 
sian glacial stage and the very rapid rise of 
temperature that marks the beginning of the 
post-glacial, or ‘Flandrian period. The late 
Devensian extends from about 15 000 to 
10 000 BP and shows a characteristic three¬ 
fold climatic and hence depositional se¬ 
quence, from cold. Older ‘Dryas deposits, to 
warmer ‘Allerod, to colder. Younger Dryas. 
In Europe there is some evidence for an addi¬ 
tional warmer phase, the ‘Bolling Intersta¬ 
dial, dated at about 13 000 BP, i.e. during 
Older Dryas times. Some authorities consider 
that this partial warming sequence may be 
characteristic of the late-glacial times of all 
major glacial advances, 
latent heat of transition The heat re¬ 
quired to activate a ‘phase change from a 
solid to a liquid or from a liquid to a gas, i.e. to 
a higher energy state (e.g. latent heat of melt¬ 
ing), measured in joules per mole (J/mol). La¬ 
tent heat is released by reactions in the 
reverse direction (e.g. latent heat of crystal¬ 
lization). 

lateral To or on the side, 
lateral accretion deposit Inclined layers 
of * sediment, deposited laterally rather than 
in horizontal ‘strata, particularly by the lat¬ 
eral outbuilding ‘sediment on the surface of 
a river ‘point bar. The inclined surfaces thus 
record the progressive migration of the point 
bar. The ‘dip of the lateral accretion deposit 
can be used to determine the size of the point 
bar and ‘channel geometry. See also epsilon 

lateral dispersion See dispersion. 
lateral moraine See moraine. 
laterite Weathering product of rock, com¬ 
posed mainly of hydrated iron and alu¬ 
minium oxides and hydroxides, and ‘clay 
minerals, but also containing some silica. Itis 
related to ‘bauxites and is formed in humid, 
tropical settings by the ‘weathering of such 
rocks as ‘basalts. See also plinthite. 
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lucinoid Applied to one of the two types of 
*hinge-line dentition found in *heterodont 
bivalves (*Bivalvia). The lucinoid type has two 
* cardinal teeth in each valve and may have 
more lateral teeth in the right valve than in 
the left. Compare cyrenoid. 

Ludfordian A ‘stage (418.7-421.3Ma ago) 
of the Upper ‘Silurian underlain by the 

Ludhamian The Lower ‘Pleistocene, lower¬ 
most, temperate-climate, shelly, sand deposit 
of the tripartite division of the deposits in a 
‘borehole at Ludham, in eastern England. See 
also antian; baventian; pastonian; and 
THURN1AN. 

Ludlow A ‘series (422.9-418.7Ma) of the 
Upper ‘Silurian, underlain by the ‘Wenlock 
and overlain by the ‘Pridoli. 

Luisian A ‘stage (13.5-15.5Ma ago) in the 
Upper ‘Tertiary of the west coast of N. Amer¬ 
ica, underlain by the ‘Relizian, overlain by 
the ‘Mohnian, and roughly contemporane¬ 
ous with the upper ‘Langhian and lower 
‘Serravallian Stages, 
lumbar vertebra See vertebra. 
luminance A measure of the ‘intensity of 
‘electromagnetic radiation emitted by a 
source in a specified direction, 
luminous night clouds See noctilucent 

lumps, carbonate See intraclast. 

Luna A series of Soviet lunar missions that 
ranfiom 1959 to 1976. 

lunar From the Latin luna (Moon), of, per¬ 
taining to, affecting, caused by, or involving 
the Moon. 

Lunar-A A Japanese ‘ISAS mission, to be 
launched in 2004, comprising an orbiter and 
an instrument package to be delivered to the 
surface. After many delays, the mission was 
cancelled in January 2007. 

Lunar Highlands See terra. 


Lunar Orbiter A series of ‘NASA lunar 
mapping missions that ran from 1966-1967. 

lunar time-scale See appendix b. 
lunate Half-moon shaped. 


lunette (clay dune) An accumulation of *ae- 
olian sediment, consisting of clay pellets the 
size of sand grains, found around the mar¬ 
gins of some salt lakes, 
lunule 1 . In ‘Bivalvia, a depressed plane or 
curved area along the ‘hinge line, anterior 
to the ‘umbo. Compare escutcheon. 2 . ‘Key- 
hole-like’ perforations in the ‘tests of many 
flat clypeasteroid (sand dollar) ‘Echinoidea. 
lustre Of ‘minerals, the ability to reflect 
light. The quality and nature of the reflection 
may be a useful diagnostic aid. The term ‘lus¬ 
tre’ is often used in conjunction with the 
qualifying terms ‘‘adamantine’, ‘‘metallic’, 
‘‘resinous’, ‘‘waxy’, ‘‘pearly’, ‘‘silky’, 
‘greasy’, and ‘‘vitreous’. The intensity of the 
reflection is qualified by descriptions such as 
‘shiny’, ‘dull’, or ‘‘splendent’, 
lustre mottling A spotted, shimmeringap- 
pearance seen on the surface of some calcare¬ 
ous ‘sandstones, caused by the reflection of 
light from coarse mineral ‘cement crystals 
which enclose ‘detrital ‘quartz grains. 
Lutetian 1 . An ‘age (40.4-48.6 Ma ago) in 
the Middle ‘Eocene, preceded by the *Ypre- 
sian (Early Eocene), followed by the ‘Barton- 
ian (Int. Commission on Stratigraphy, 2004). 
2 . The name of the corresponding European 
‘stage, which is roughly contemporaneous 
with the upper ‘Ulatisian and lower ‘Nariz- 
ian (N. America), the upper ‘Heretaungan, 
‘Porangan, and lower ‘Bortonian (New 
Zealand), and the upper ‘Johannian and 
lower ‘Aldingan (Australia), 
lutite See argillite. 

Luvisols A reference soil group in the soil 
classification scheme used by the *FAO. 
Luvisols have an argic B horizon (see argic 
horizon) with a ‘cation-exchange capacity 
of more than 24cmolJkg, with illuvial (see 
illuviation) accumulations of‘clay, 
luxullianite See tourmaline; and tourma- 

LINIZATION. 

LVL See elevation correction. 

LVZ See low velocity zone. 

L-wave See love wave. 
lycopods See lycopsida. 

Lycopsida (lycopods) Class of the ‘Pterido- 
phytina, represented today by relatively small 
plants, the club mosses, although in the 
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Maestrichtian See maastrichtian. 
maestro Local north-westerly wind of the 
Adriatic Sea which affects the western coasts, 
especially in summer. The term is also ap¬ 
plied to north-westerly winds in the Ionian 
Sea and to winds off the coasts of Corsica and 
Sardinia. 

mafic Applied to any ‘igneous rock which 
has a high proportion of ‘pyroxene and 
‘olivine, such that its ‘colour index is be¬ 
tween 50 and 90 (i.e. it is dark coloured). 
Magellan A radar mapper, launched by 
‘NASA in 1989 to explore ‘Venus. 
magmaAhot, ‘silicate, ‘carbonate, or‘sul¬ 
phide ‘melt containing dissolved ‘volatiles 
and suspended ‘crystals, which is generated 
by partial melting of the Earth’s ‘crust or 
‘mantle and is the raw material for all ‘ig¬ 
neous processes. The melt component of sili¬ 
cate magmas, by far the most common 
magma type, comprises a disordered mixture 
of single Si-0 tetrahedra and chains, branch¬ 
ing chains, and rings of Si-0 tetrahedra, 
between which are located randomly posi¬ 
tioned ‘cations (e.g. Ca 2+ , Mg 2+ , Fe 2+ , and 
Na + ) and ‘anions (e.g. OHy F~, Or, and S~) 
loosely coordinated with the oxygens in the 
silicate tetrahedra. The greater the silica con¬ 
tent of the magma, the more chains and rings 
of silicate tetrahedra there are to impede 
each other and hence increase the ‘viscosity 
of the magma. The pressure regime and com¬ 
position of the magma control which miner¬ 
als nucleate and crystallize from a magma 
when it cools. 

magma chamber A region, postulated to 
exist below the Earth’s surface, in which 
‘magma is received from a source region in 
the deep ‘crust or upper ‘mantle, stored, 
and from which it moves to the Earth’s sur¬ 
face at the site of a ‘volcano. The existence of 
‘magma chambers’ is often invoked by geo¬ 
chemists to provide a location for processes 
such as ‘fractional crystallization, because 
the chemistry of ‘lavas is explicable only in 
terms of such processes. When magma moves 
rapidly from the chamber, as in a ‘pyroclas¬ 
tic flow ‘eruption, the unsupported chamber 
roof may collapse to produce a * caldera at the 
surface. The diameter of the caldera can be 
used to estimate the diameter of the underly¬ 
ing magma chamber; diameters of up to 40 
km are not uncommon for terrestrial subvol- 
canic magma chambers. 


magmatic arc Where an oceanic plate is 
sinking beneath a less dense continental 
plate at a ‘subduction zone, the region of 
raised elevation between the *fore-arc and 
‘back-arc basins, where ‘magma is rising, 
magmatic differentiation (magmatic 
fractionation) Formation of a variety of rock 
types from an initial single parental ‘magma. 
No specific mechanism is implied by the term. 
See also fractional crystallization. 
magmatic fractionation See magmatic 
differentiation. 

magmatic-segregation deposit Con¬ 
centration of particular minerals in different 
parts of a ‘magma chamber during consoli¬ 
dation, by ‘gravity settling, filter pressing, 
flow, ‘fractional crystallization, liquid im- 
miscibility, or gas transference; for example, 
the accumulation of heavy minerals such 
as ‘chromite and ‘magnetite by gravity 

magnesiochromite See chromite; and 

magnesioferrite See magnetite. 
magnesite ‘Carbonate, MgC0 3 and ‘end- 
member of a ‘solid solution series with 
‘siderite, FeCo 3 ; sp. gr. 3.0; ‘hardness 4; 
whitish; ‘earthy ‘lustre; compact or granu¬ 
lar; occurs as an alteration product of ‘ser¬ 
pentines, ‘dolomites, or ‘limestones and 
may form as a chemical precipitate. It is 
mined commercially and used in the produc¬ 
tion of magnesium compounds, refractory 
products, and special cements, 
magnesium number (Mg#) The ratio of 
magnesium to iron in an ‘igneous rock, 
which is related to the chemical composition 
of the mantle material. As the magma cools, 
lighter minerals solidify first, forming a 
scum on the surface of the molten rock. If the 
composition of the mantle is known, the 
magnesium number can be predicted, and 
the magnesium number provides informa¬ 
tion on the composition of the mantle rock. 
The magnesium number also provides infor¬ 
mation on the thermal history of the rock. 
One task for the SMART-1 (Small Mission for 
Advanced Research in Technology) mission to 
the Moon is to determine the magnesium 
number of lunar surface rocks. If, as ex¬ 
pected, the lunar magnesium number is 
lower than that of rocks on Earth it will 
support the view that the Moon was blasted 
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observed. The concept of metamorphic facies 
was first proposed by the Finnish petrologist 
P. E. *Eskola in 1920 after he had compared 
the mineral assemblages in similar rock com¬ 
positions from Oslo, Norway, and Orijarvi, 
Finland, two areas which had been subjected 
to contrasting metamorphic conditions, 
metamorphic grade Ameasure of the rel¬ 
ative intensity of *metamorphism. In pelitic 
rocks (see peiite), an increase of metamorphic 
grade is marked by a progressive dehydration 
of the mineral assemblages present whilst in 
•limestones and impure limestones an in¬ 
crease in grade is marked by progressive de- 
carbonation of the mineral assemblages 
present. In general, mineral assemblages 
stable at progressively higher pressures and 
temperatures characterize an increase in 
metamorphic grade (e.g. ‘garnet grade), 
metamorphic rock An aggregate of 
•minerals formed by the ‘recrystallization 
of pre-existing rocks in response to a change 
of pressure, temperature, or ‘volatile content. 
Metamorphic rocks can generally be divided 
into four types: (a) regional metamorphic 
rocks, formed in response to changes leading to 
high temperature and high pressure (‘shear¬ 
ing stress and hydrostatic pressure: see hydro¬ 
static stress) accompanying orogenic events 
(see orogeny; regional metamorphism); (b) 
contact metamorphic rocks, formed in re¬ 
sponse to changes leading to high temperature 
(with low pressure) around an ‘igneous ‘intru¬ 
sion (see thermal metamorphism); (c) cataclas- 
tic or dynamic metamorphic rocks, formed in 
response to an increase in directed pressure 
(shearing stress) particularly in ‘fault and 
‘thrust zones (see cataclasite); and (d) burial 
metamorphism, formed in response to changes 
leading to high pressure (withlow temperature), 
metamorphic zone The area between two 
successive ‘isograds in a metamorphic ter¬ 
rain. The zone is named after the lower-grade 
isograd (see metamorphic grade). For exam¬ 
ple, the area lying between the ‘garnet iso¬ 
grad and the ‘kyanite isograd for pelitic 
rocks in a ‘regional metamorphic terrain is 
termed the garnet zone. The zone defines a 
set of pressure, temperature, P(H 2 0), and 
P(C0 2 ), over which there were no mineralogi- 
cal reactions in the particular rock composi¬ 
tion concerned. Normally, the chemical 
composition of‘pelites is used as a marker, 
metamorphism The process of changing 
the characteristics of a rock in response to 


changes in temperature, pressure, or ‘volatile 
content. Most metamorphic changes do not in¬ 
clude bulk chemical changes, but merely the 
crystallization of new mineral ‘phases. These 
isochemical changes cause major textural 
changes. Compare metasomatism. See also bar- 
rovian-type metamorphism; barrow’s zones; 
borial metamorphism; dynamic metamor¬ 
phism; REGIONAL METAMORPHISM; THERMAL 

metamorphism; and metamorphic grade. 
metapelite See meta-. 

Metaphyta See plantae. 
metaquartzite See quartzite. 
metasediment See meta-. 
metaseptum (pi. metasepta) See septum. 
metasilicate See cyclosilicate. 
metasomatism Kind of ‘metamorphism 
that involves the introduction of chemical 
constituents into a rock, or their removal 
from it (or both), via a ‘volatile phase. Com¬ 
plete ‘mineral transformations may occur, 
but the original rock ‘texture may remain 
(resulting in a ‘pseudomorph). 
metaspecies Ancestral species. They are 
not ‘monophyletic (in the strictest sense) so 
do not, and cannot, conform to the canon 
that taxa must always be monophyletic. 
metastable Applied to a ‘phase which is ap¬ 
parently stable but is capable of reaction if dis¬ 
turbed, a state usually due to the slowness of a 
system to attain equilibrium. The term is ap¬ 
plied, for example, to supersaturated solutions. 
A phase is said to be metastable if it exists in the 
same temperature range in which another 
phase with lower ‘vapour pressure is stable. 
Many minerals that occur at room temperature 
and pressure are metastable (e.g. ‘diamond) 
and most ‘metamorphic rocks formed under 
high temperatures and pressures are 
metastable at the surface under normal tem¬ 
peratures and pressures. A metastable system 
(mineral assemblage) is in a temporary state of 
equilibrium and requires only a minimal dis¬ 
turbance to initiate a change to a state of true 
equilibrium. A ‘gabbro mineral assemblage 
which crystallized at high temperatures and 
moderate pressures, and is thus in equilibrium 

metastable state when exposed by ‘erosion to 
the low-temperature, low-pressure environ¬ 
ment at the Earth’s surface. Rainwater faffing 
on the exposed mineral assemblage would act 
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as the disturbance or catalyst initiating the re¬ 
action of the gabbro mineral assemblage to a 
low-temperature, low-pressure, *chlorite-*clay 
mineral assemblage, thus re-establishing the 
equilibrium. 

metatarsal In the hind limb of a ‘tetrapod, 
one of the rod-like bones that articulate prox- 
imally with the tarsus (ankle) and distally 
with the phalanges (toes). 

Metazoa See animalia. 

metazoan A multicellular animal. See ani- 


meteor Transient, incandescent trail of a 
•meteoroid entering the ‘Earth’s ‘atmo¬ 
sphere. All the material burns up before 
reaching the ground. It is popularly re¬ 
ferred to as a ‘shooting star’. A very bright 
meteor is called a fireball. Compare mete- 

meteoritic abundance of elements 

The relative abundances of elements con¬ 
tained within chondritic ‘meteorites (see 
chondrite), and in particular within Cl 
•carbonaceous chondrites, are believed to 
provide the best estimate of the composi¬ 
tion of the primitive material in the ‘solar 
system from which the planets formed. 
Comparison of Cl carbonaceous chondrites 
with the ‘solar abundances of elements (ob¬ 
tained by spectroscopic studies) show that, 
for nonvolatile elements, the abundances 
are almost identical. On the other hand, the 
composition of ordinary chondrites is be¬ 
lieved to be similar to the ‘bulk composi¬ 
tion of the Earth. 

Element Average chondrite (wt. %) 

0 33.24 

Fe 27.24 

Si 17.10 

Mg 14.29 

S 1.93 

Ni 1.64 

Ca 1.27 

A1 1.22 

Na 0.64 

Cr 0.29 

Mn 0.25 

P 0.11 

Co 0.09 

K 0.08 

Ti 0.06 

meteoric water Water of atmospheric 
origin which reaches the Earth’s ‘crust 
from above, either as rainfall or as seepage 


from surface-water bodies. See also ground- 


meteorites Small, extraterrestrial bodies, 
most of which probably originate in the 
asteroid belt, that enter the ‘Earth’s ‘atmo¬ 
sphere and land on the surface. Most are 
only a few centimetres in size. Meteorites 
are classified into four main groups accord¬ 
ing to their composition and structure 
as: ‘chondrites; ‘achondrites; ‘stony-irons; 
and ‘irons. See also antarctic meteorite; 
aubrite; basaltic meteorites; carbona¬ 
ceous chondrite; eucrite; shergottyite/ 
nakhlite/chassignite meteorites; stony 
meteorite; and tektite. 
meteoroid Small, extraterrestrial body, 
within the ‘solar system, that may enter the 
‘Earth’s ‘atmosphere if its orbit around 
the ‘Sun crosses that of the ‘Earth. Strictly, 
at the point where a meteoroid enters the 
atmosphere it is referred to as a ‘meteor; if it 
reaches the Earth’s surface it is known as a 


Meteosat A series of several experimental 
and four operational meteorological satel¬ 
lites launched by the European Space Agency 
(ESA) and operated by Eumetsat on behalf of 
the ESA. The first was launched in 1972 by 
‘NASA and the fourth, Meteosat-7, in 1997 
by the ESA. 

methane hydrates See natural gas 
HYDRATES. 

methanogen A single-celled organism, be¬ 
longing to domain *Archaea, that produces 
‘methane gas as a product of its ‘metabolism. 
Metis (Jupiter XVI) The innermost of the 
known jovian planets, discovered in 1979. It 
orbits inside the main ring of ‘Jupiter (it is a 
*moom); it and Adrastea maybe the source of 
the material comprising the ring. Metis has a 
diameter of 40 (±20) km; mass 9.56 X 10“ kg; 
mean distance from Jupiter 128 000 km. 

MF See metal factor. 

M-fold The ideal form of a ‘minor fold 
which occurs in the ‘hinge region of a major 
‘antiform (a ‘synform is distinguished by 
W-fold forms). In practice it is difficult to 
recognize ideal M-folds and they are less 
informative than *Z-fold and *S-fold configu- 

Mg# See MAGNESIUM NUMBER. 

Miacidae See carnivora. 
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termed ‘microporphyritic’ texture and the 
‘phenocrysts are ‘microphenocrysts’. 

3 . The prefix may also be applied to igneous 
rock names. For example, a *syenite with a 
* grain size below that normally accepted for 
a syenite but above that expected of its fine¬ 
grained equivalent, a *trachyte, may be 
termed a microsyenite, 
microbialite A sedimentary body formed 
on the bed of a lake from the remains of ben¬ 
thic (see benthos) communities of algae and 
‘cyanobacteria. 

microclimate The atmospheric characteris¬ 
tics prevailing within a small space, usually 
in the layer near the ground that is affected 
by the ground surface. Special influences 
include the impact of vegetation cover on 
humidity (by *evapotranspiration) and on tem¬ 
perature and winds. See also urban climates . 
microdine See alkali feldspar. 
microcontinent See microplate. 


microcrystalline Applied to a crystalline 
texture which is so fine grained that the indi¬ 
vidual ‘crystals are too small to be observed 
by the naked eye but may be distinguished 
under the microscope, 
microdiorite A medium-grained ‘ig¬ 
neous rock characterized by the ‘mineral 
assemblage and chemical composition of 
‘diorite. 

microearthquake See microseism. 
microerosion meter (MEM) A device for 
measuring the rate at which an exposed rock 
surface is lowered, perhaps by ‘weathering. 
It consists of a gauge which records the ex¬ 
tension of a probe. For measurement pur¬ 
poses the unit is placed on three studs, 
already set in the rock surface, and which 
provide a reference level. The extension of the 
probe is then a measure of‘erosion, 
microevolution Evolutionary change 
within species, which results from the differ¬ 
ential survival of the constituent individuals 
in response to natural selection. The genetic 
variability on which selection operates arises 
from mutation and sexual reshuffling of 
‘gene combinations in each generation, 
microfabric Structure or arrangement of 
‘mineral and organic particles on a micro¬ 
scopic scale, seen only with a microscope. 


microfossil Any ‘fossil that is best stud¬ 
ied by means of a microscope. Material may 
include dissociated fragments of larger or¬ 
ganisms, whole organisms of microscopic 
size, or embryonic forms of larger fossil or¬ 
ganisms. Various groups, e.g. ‘acritarchs, 
‘Foraminiferida, ‘Ostracoda, and *Con- 
odontophora, are studied and used as strati¬ 
graphic markers. See marker bed; and 
micropalaeontology. 
microfracture See voids. 
microgabbro See dolerite, 
microgranite A medium-grained (1-5 mm 
grain diameter) ‘igneous rock characterized 
by the ‘mineral assemblage and chemical 
composition of ‘granite, 
microgranodiorite A medium-grained 
(1-5 mm grain diameter) ‘igneous rock char¬ 
acterized by the ‘mineral assemblage and 
chemical composition of‘granodiorite. 
micrographic See granophyric. 
microlite An extremely small ‘crystal, usu¬ 
ally found embedded in a glassy ‘ground- 
mass (see glass) and resolvable only by using 
high power magnification on a petrological 
microscope (see polarizing microscope). 
Such crystals represent the frozen initial 
stages of crystal ‘nucleation and growth, and 
are usually preserved in rapidly chilled 

microlog The record produced by a small 
electrical sonde, 3-5 cm between the elec¬ 
trodes, that is usually combined with a 
caliper sonde (to measure ‘borehole dia¬ 
meter), the caliper maintaining the microlog 
against the borehole wall. The microlog 
mainly records the resistivity and thickness 
of the ‘mud cake, and the log is used to assist 
interpretation of ‘laterologs. See also caliper 


micropalaeontology The study of‘micro¬ 
fossils. Since the time of A. D. d'Orbigny 
(1802-57), who is credited with founding the 
discipline, many thousands of papers have 
been written on various microfossil groups 
and many thousands of species have been 
described. Commercial, or applied, mi¬ 
cropalaeontology began in 1877 when the age 
of strata in a well in Austria was determined 
by means of ‘Foraminiferida, since when it 
has become a powerful tool in geologic inves¬ 
tigations. Many oil companies either have 
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migration 


Mid-Atlantic Ridge The oceanic ‘ridge 
which separates the ‘North and ‘South 
American Plates from the ‘African and 
‘Eurasian Plates. It is a slow-spreading ridge, 
with rugged topography and a well- 
developed ‘median valley, 
mid-continent crustal type A type of 
very stable ‘crust averaging 38km in thick¬ 
ness that resembles a ‘eraton, but has thick 
layers of ‘sedimentary rocks covering exten- 

mid-infrared ‘Infrared radiation which 
has a wavelength between 8 |tm and 14 [tm. 
mid-oceanic crustal type A type of un¬ 
stable ‘crust, averaging 10km in thickness, 
that is made from basaltic lava. There is much 
‘volcanicity and there are frequent shallow 
‘earthquakes. In some places there are rift 
valleys at the centres of ‘mid-ocean ridges 
and ridges may protrude as islands above the 

mid-ocean ridge A long, linear, elevated, 
volcanic structure often lying along the mid¬ 
dle of the ocean floor. Such ridges tend to oc¬ 
cupy central positions because the oceans 
have formed by the symmetrical spreading of 
two lithospheric ‘plates from the ridge sites. 
Ocean ridges occur in all the Earth’s oceans, 
but may be offset from a central position, 
e.g. the E. Pacific ridge, where one side of 
the oceanic crust is being consumed along 
a ‘subduction zone. At mid-ocean ridges, 
ocean floor is being formed. At the centre 
there is a rift valley, formed as discrete seg¬ 
ments, bordered by high mountains on both 
sides. At a fast-spreading ridge (opening at up 
to 15 cm a year) the crust is smoother, with 
flat lavas flowing from fissures, than at a slow- 
spreading ridge (about 2 cm a year), where 
the median valley contains a chain of small 
volcanoes linked by fissure eruptions, 
mid-ocean-ridge basalt (MORB) A type 
of tholeiitic ‘basalt (see tholeiite), erupted 
from mid-ocean-*ridge ‘constructive-plate 
margins; it is one of the most abundant of all 
rocks and covers much of the Earth's surface. 
It is characterized by very low concentrations 
of K 2 0 and Ti0 2 ; low iron, P 2 0 B , Ba, Rb, Sr, Pb, 
Th, U, and Zr; and high CaO. When the con¬ 
centration of each ‘rare-earth element in the 
basalt is divided by its mean concentration in 
‘chondrite meteorites (a standard for com¬ 
parison), this type of basalt shows a progres¬ 
sive lowering of the ratios for the light 


rare-earth elements (LREEs), compared to the 
ratios for the heavy rare-earth elements 
(HREEs). MORB is said to be LREE depleted, a 
reflection of the chemically depleted nature 
of the ‘mantle source regions from which 
they are derived. Since leaving their source 
region in the mantle, these basalts, often 
termed low-potassium ‘tholeiites, have not 
been contaminated by passing through any 
‘continental crust and therefore retain the 
chemical signature of the mantle from which 
they were derived. MORBs thus provide an in¬ 
sight into the composition of the sub-oceanic 
mantle. 

midstand systems tract See regressive 

Mie scattering Scattering of electromag¬ 
netic radiation, mainly in a forward direc¬ 
tion, by spherical particles. The theory was 
proposed by G. Mie in 1908. See also Rayleigh 

SCATTERING. 

migmatite A coarse-grained, hetero¬ 
geneous mixed rock consisting of: (a) a high- 
grade metamorphic component with a 
‘gneissose texture (see metamorphic grade); 
and (b) an ‘igneous component with a ‘gran¬ 
ite mineralogy and a foliated or unfoliated 
texture (see foliation). Migmatites are found 
in high-grade metamorphic terrains where 
a sequence from high-grade metamorphic 
rocks through migmatites to granite bodies is 
often seen in the field. The granite compo¬ 
nent is thought to form by ‘partial melting of 
the rock during extreme ‘metamorphism. 
Migmatites may thus be a record of the initial 
stages in the generation of large bodies of 
granite magma and, as such, they would 
represent the high-temperature boundary 
between metamorphic and igneous rocks. 
Migmatites have an attractive appearance, 
often being marked with irregular smah 
stripes or patches of contrasting shades rang¬ 
ing from almost white to dark grey, and are 
widely used as building stone, sometimes 
being pohshed for ornament, 
migmatization The process whereby a 
rock undergoes ‘partial melting during 
extreme ‘metamorphism, producing a 
‘migmatite. 

migration A method of reconstructing a 
‘seismic section so that dipping reflection 
events are repositioned to he beneath their 
true surface locations and at corrected verti¬ 
cal two-way travel times. There are several 
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N See newton. 


NA See objective. 

Nabarro-Herring creep Aform of ‘diffu¬ 
sion creep in which atoms migrate within the 
‘crystal ‘lattice. See also coble creep. 
nabkha See shrub-coppice dune. 
nacreous clouds (mother-of-pearl clouds) 
Type of cloud seen occasionally at great alti¬ 
tude (approximately 22-4 km), just before 
sunrise or after sunset, characterized by iri¬ 
descent colouring. The cloud is fine and 
rather lenticular, 
nacrite See kaolinite. 
nadir In ‘remote sensing, the point on the 
ground directly beneath a remote sensing 

NADW See north Atlantic deep water. 
Nafe-Drake relationship An empirical 
relationship between the *P-wave velocity 
and density of water-saturated ‘sediments 
and ‘sedimentary rocks. It is commonly used 
to evaluate the density of sedimentary rocks 
in shallow seismic surveys, but errors of the 
order of 100 kg/m 3 are involved. See also 

Nagssugtoqidian orogeny A late ‘Ar¬ 
chaean and ‘Proterozoic phase of mountain 
building affecting a belt 240-300 km wide in 
what is now western Greenland. It comprised 
two major episodes, the first about 2600Ma 
ago, the second about 1900-1500 Ma ago, 
making it approximately contemporaneous 
with the ‘Hudsonian, ‘Laxfordian, and *Sve- 
cofennian orogenies. 

Naiad (Neptune III) A satellite of ‘Neptune, 
with a diameter of 58 km; visual albedo 0.06. 
Nammalian A ‘stage (247.4-249.7 Ma ago) 
of the ‘Scythian Epoch, preceded by the 
‘Griesbachian and followed by the * Spathian. 
Namurian The lowermost ‘series in 
the ‘Silesian (‘Carboniferous) of Europe, 
underlain by the ‘Visean, overlain by the 


‘Westphalian, and subdivided into Namurian 
A, B, and C. It is dated at 326.4-315 Ma and is 
contemporaneous with the Millstone Grit Se¬ 
ries (western Europe) and the ‘Serpukhovian 
and Lower ‘Bashkirian Series (eastern Europe), 
nannofossil See nanoeossil. 
nano- (n) From the Greek nanos meaning 
‘dwarf’, a prefix meaning ‘extremely small’ 
(e.g. ‘nanofossil). Attached to SI units it de¬ 
nanofossil (nannofossil) A ‘fossil of the 
smallest member of the ‘plankton (the 
nanoplankton). Nanofossils are of plants 
and include various forms, e.g. the cocco- 
lithophores (‘coccolithophorids), which are 
5-60 pm in size and have been used as strati¬ 
graphic indicators in addition to the larger 
‘microfossils. 

nanoplankton Marine planktonic organ¬ 
isms 2.0-20 pm in size, 
nappe From the French nappe, meaning 
‘cover’, a thrusted mass or folded body in 
which the ‘fold limbs and axes are approxi¬ 
mately horizontal. 

Naraoiidae An order of ‘Trilobita that 
lived in the Middle ‘Cambrian. They were un¬ 
calcified and had no thoracic segments. 
Narizian A ‘stage (35-48 Ma ago) in the 
Lower ‘Tertiary of the west coast of N. Amer¬ 
ica, underlain by the ‘Ulatisian, overlain by 
the ‘Refugian, and roughly contemporane¬ 
ous with the upper ‘Lutetian and ‘Bartonian 

NASA The National Aeronautic and Space 
Administration, the agency of the US federal 
government that was established under the 
National Aeronautics and Space Act 1958 to 
plan, direct, and conduct all US aeronautical 
and space activities, other than those that are 
primarily military. 

naticiform Applied to a gastropod (‘Gas¬ 
tropoda) shell that is globular and umbili- 
cate, resembling those of the genus Natica. 
See umbilicus. 
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neutron-gamma sonde 


neptunian dyke (sandstone dyke) A sheet¬ 
like body of *sand cutting through bedded 
‘sediment in a manner analogous to an ‘ig¬ 
neous ‘dyke. Neptunian dykes form by upward 
injection of liquefied sand through a fissure, 
often as a result of ‘earthquake activity, 
neptunian satellites See despina 

(NEPTUNE V); GALATEA (NEPTUNE Vi); LARISSA 
(NEPTUNE VII); NAIAD (NEPTUNE III); NEREID 
(NEPTUNE II); PROTEUS (NEPTUNE VTIl); THA- 
LASSA (NEPTUNE IV); and TRITON (NEPTUNE l). 

neptunism A theory of the formation of 
the Earth, popular at the end of the 18th and 
the beginning of the 19th century, and asso¬ 
ciated with ‘Werner. Werner taught that 
the oldest, primitive rocks, including ‘gran¬ 
ite and ‘basalt, had crystallized from a 
primordial ocean. They were followed by 
Transition and Floetz formations, also pre¬ 
cipitated, and then by Alluvia and Volcanic 

Nereid (Neptune 11) A satellite of‘Neptune, 
with a diameter of340 km; visual albedo 0.2. 
Nereites A bilobed ‘trail that winds over a 
‘bedding plane. The trail has a transverse or¬ 
nament and was formed by a ‘deposit feeder 
during its methodical search for food. The 
term 'Nereites facies’ is given to deep-water de¬ 
posits characterized by Nereites and depth- 
related genera. 



Nereus A ‘solar system asteroid (No. 4660), 
diameter 2 km; orbital period 1.82 years. It is 
a near-Earth asteroid, scheduled to be visited 
by a sample-return mission, 
neritic province See neritic zone. 
neritic zone (neritic province) The shallow- 
water, or near-shore, marine zone extending 
from the low-tide level to a depth of 200 m. 
This zone covers about 8% of the total ocean 
floor. It is the area most populated by ‘ben¬ 
thic organisms, due to the penetration of sun¬ 
light to these shallow depths. 


nesosilicates (orthosilicates) A group of 
‘silicate minerals characterized by indepen¬ 
dent Si0 4 ‘tetrahedra with no shared oxy¬ 
gens. The structure is held together by 
bonding with interstitial cations. The group 
includes ‘olivine, ‘garnet, ‘sphene, ‘zircon, 
‘staurolite, ‘chloritoid, ‘topaz, *chon- 
drodite, and the Al 2 Si0 5 ‘polymorphs, 
net flux radiometer A ‘radiometer car¬ 
ried by satellites that is used to measure the 
energy absorbed and emitted by the atmos¬ 
phere of a planet. 


network-former Aluminium (Al), silicon 
(Si), and often phosphorus (P) atoms, which 
tend to form network structures in ‘silicate 

network-modifier Large ‘cations (e.g. Ca 21 , 
Mg 2+ , Fe 2+ , Na + , and K + ) occurring as major 
constituents in ‘magmas, which usually dis¬ 
rupt and modify the network structures, 
neural arch See vertebra. 
neural spine See vertebra. 
neutral fold A ‘fold which closes laterally 
and is therefore neither ‘antiformal nor 
‘synformal. Where the ‘fold axis and ‘axial 
plane are inclined vertically, a neutral fold is 
known as a ‘vertical fold’, 
neutrally buoyant float (Swallow buoy) 
A device developed by J. C. Swallow in 1955 
for measuring current speed and direction 
at depth in the oceans. It consists of two 
aluminium tubes, one containing batteries 
and sound-generating circuitry, the other 
containing adjustable weights to allow the 
device to float and remain at any desired 
depth. It emits a series of sound pulses which 
can be tracked by ship, allowing water mo¬ 
tions to be measured at selected depths, 
neutral soil Soilwitha*pHvalueof6.6-7.3. 
neutron-activation analysis The analy¬ 
sis of a material by bombarding a sample with 
fast-moving neutrons in the core of a nuclear 
reactor. Neutrons are added to the nuclei of 
stable ‘isotopes to form new radionuclides 
which decay, producing particles with char¬ 
acteristic energies that can be measured with 
a ‘scintillation counter. 


neutron-gamma sonde An instrument 
package for measuring the amount of hydro¬ 
gen present within the rocks surrounding a 





neutron log 
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"borehole. The "sonde contains a neutron 
source and a gamma-ray detector. The gamma 
rays induced in the rocks by neutron bom¬ 
bardment are proportional to the amount of 
hydrogen present. The device can be used to 
determine the "porosity of the surrounding 

neutron log The recording ofneutron bom¬ 
bardment by a "neutron-neutron sonde 
being raised through a "borehole. The neu¬ 
tron log is used to estimate formation "poros¬ 
ity and is presented on a scale calibrated in 
limestone porosity units, 
neutron moisture meter (neutron soil- 
moisture probe) An instrument which uses 
high-energy (fast) neutrons to detect indi¬ 
rectly the water content of a soil. The fast 
neutrons are moderated to slow neutrons by 
the hydrogen atoms in the soil moisture. By 
measuring the density of the slow-neutron 
backscatter, an indication is obtained of how 
much water is present, 
neutron-neutron sonde A radioactive in¬ 
strumental package for lowering down a 
"borehole. It comprises a neutron source and 
detector. The number of neutrons back- 
scattered to the detector is proportional to 
the number of hydrogen atoms within the 
rocks surrounding the borehole. It can be 
used to determine the "porosity of the sur¬ 
rounding rocks. See also neutron-gamma 
sonde; and neutron log. 
neutron soil-moisture probe See neu¬ 
tron MOISTURE METER, 
neve See firn. 

Newer Drift The deposits marking the 
maximum extent of the last ("Devensian) 
glaciation. A morphological distinction oc¬ 
curs between the more-weathered "drift to 
the south and the less-weathered drift to the 
north, in the British Isles. The boundaries be¬ 
tween the less-weathered Newer Drift and the 
"Older Drift have been shown to be less dis¬ 
tinct than was once supposed. 

New Millennium Deep Space-1 A suc¬ 
cessful "NASA mission, launched in 1998 and 
retired in 2001, that tested new technologies 
and encountered comet Borrelly. 

New Millennium Deep Space-2 A "NASA 
mission to "Mars, launched in 1999. Commu¬ 
nication with the probe was lost. 

New Red Sandstone Name given to the 
terrestrial "red-bed deposits that overlie the 


"Carboniferous. These deposits are of Permo- 
Triassic age. 

newton (N) The derived SI unit of force, 
named after Sir Isaac Newton (1642-1727), 
being the force required to produce an accel¬ 
eration of 1 m/s 2 in a mass of 1 kg; 1N = 1 J/m. 
Newtonian behaviour The manner in 
which a fluid flows if it exhibits ideal viscous 
"strain. The application of a deforming stress 
induces permanent strain from which there 
is no recovery when the stress is removed. 
Compare elastic deformation. 

Newtonian fluid See bingham fluid. 
Newton's law of gravitation See gravi¬ 
tational ACCELERATION. 

N EXRAD See next generation weather 


Next Generation Weather Radar 

(NEXRAD) A network of 175 "Doppler radar 
installations, completed in 1996, that cover 
the whole of the USA. They are located at 
weather stations, airports, and military 
bases. Each is mounted on a tower and pro¬ 
vides three-dimensional images of weather 
conditions with clear resolution to 200 km 
and poorer resolution to 320 km. 

Ngaterian See clarence. 

Niagaran A "series (421.3-438Ma ago) of 
the * Silurian of N. America, equivalent to the 
Upper "Llandovery to Lower "Ludlow period, 
niccolite Metallic mineral, NiAs; sp. gr. 7.8; 
"hardness 5.0; greyish-red; usually "massive 
or disseminated; occurs as irregular "aggre¬ 
gates and as complex intergrowths with 
other "sulphides, associated with "basic 
"igneous rocks. 

Nicol, William (1768-1851) A mineralogist 
from Edinburgh, Nicol invented the calcite 
prism named after him and used in polariz¬ 
ing microscopes (see nicol prism). His de¬ 
scription of a microscope based on his prisms 
was published in 1829, although the instru¬ 
ment was in use much earlier, 
nicol prism Two pieces of optically clear 
"calcite, cemented by "Canada balsam into 
the shape of a prism. Light entering the base 
of the prism is doubly refracted, and when 
both rays reach the Canada-balsam cement 
one ray is reflected away from the prism while 
the other ray continues through the prism. 
Thus the light emerging from the prism is 
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*plane polarized. These prisms were invented 
by William *Nicol. Early 'polarizing micro¬ 
scopes were fitted with nicol prisms for the 
‘analyser and ‘polarizer, but modern micro¬ 
scopes are fitted with ‘Polaroid instead, and, 
although the term ‘crossed nicols’ is still in 
common use, this has been largely replaced 
by the term ‘‘crossed polars'. 

Niggli, Paul (1888-1953)ASwisscrystallogra- 
pher and petrologist at the University of 
Zurich, Niggli studied ‘magmas and ‘rneta- 
morphic rocks, and introduced the use of 
‘phase diagrams in ‘petrology. He also made a 
classification of‘sedimentary rocks according 
to grain shape and, in 1928, he and his students 
attempted to calculate the bulk chemical com¬ 
position of the Earth. See niggli method. 
Niggli method The grouping of the oxide 
components of an ‘igneous rock according to 
their chemical similarity: (A1 2 0 3 + Cr 2 0 3 + 
*REEs); (FeO + MnO + MgO); (Na 2 0 + K 2 0 + 
Ii 2 0); and (CaO + BaO + SrO). The oxide 
groupings are calculated according to 
‘cation percentage, the sum for the rock 
being normalized to 100. Each group corre¬ 
sponds to an individual Niggli value, each of 
which can be plotted against silica for a com¬ 
parison of associated rocks. The method was 
devised by P. ‘Niggli. 

nimbostratus From the Latin nimbus, 
‘rain’, and stratus, ‘spread out’, a dark or grey 
cloud that obscures the Sun, associated with 
more or less continuous rainfall which 
makes the cloud base diffuse. See also cloud 
CLASSIFICATION. 

NIMS See near-infrared mapping spectrom- 


niobite See columbite. 

Nitisols A reference soil group in the soil 
classification scheme used by the *FAO. Niti¬ 
sols have a nitric B horizon (see nitric hori¬ 
zon) more than 30 cm below the surface, 
with a ‘cation-exchange capacity of less than 
36 cmoljkg. No evidence of clay ‘lessivage 
is evident in ‘thin sections taken within 
100 cm of the surface, 
nitratine See soda nitre. 
nitre (saltpetre) Mineral, KN0 3 ; sp. gr. 
1.9-2.3; ‘hardness 2; ‘orthorhombic; white, 
grey, reddish-brown, or lemon-yellow; ‘vitre¬ 
ous ‘lustre; crystals ‘acicular, usually forms 
granular crusts and uneven masses; occurs in 


very arid conditions where vegetation is very 
sparse, in association with ‘evaporite miner¬ 
als of the arid desert type (e.g. ‘soda nitre, 
‘gypsum, ‘halite, and occasionally iodates), 
and little precipitation is required to wash an 
encrustation of nitre into hollows where it 
forms saltierras or ‘massive deposits. It is 
used as a fertilizer. 

nitric horizon A ‘soil horizon that con¬ 
tains more than 30% ‘clay consisting of 1:1 
‘clay minerals. 

nival Applied to the geomorphological (see 
geomorphology) processes that result from 
the action of snow. 

nivation Complex of surface erosional 
processes acting under a snow cover. It in¬ 
cludes ‘gelifraction, and the removal of 
shattered debris by ‘solifluction and the 
movement of melted snow. It is an initial 
process in ‘cirque development. 

NMO See MOVEOUT (2). 

NOAA-dass satellite See TELEVISION AND 
INFRARED OBSERVATION SATELLITE. 

Noachian A division of ‘areological time, 
lasting from 4.60 Gy to 3.50 Gy in the Hart- 
mann-Tanaka Model and 4.60 Gy to 3.80 Gy in 
the Neukum-Wise Model, and divided into 
three epochs: Lower Noachian (4.60-3.92 or 
4.60-4.50 Gy); Middle Noachian (3.92-3.85 or 
4.50-4.30 Gy); and Upper Noachian (3.85-3.50 
or 4.30-3.80 Gy). 

noctilucent clouds (luminous night 
clouds) Type of clouds, occurring at 80-85 km 
altitude, near the upper limit of the ‘stratos¬ 
phere, characterized by a blue to yellow hue, 
and similar in appearance to ‘cirrostratus. 
The clouds are seen on summer nights at lati¬ 
tudes between about 50° and 65° in both 
northern and southern hemispheres; they 
move rapidly, at speeds up to 300 knots, often 
in a wave formation. 

nocturnal radiation The long-wave radia¬ 
tion from the surface of the Earth at night 
that is in excess of the incoming radiation 
from the atmosphere. See also atmospheric 
window; radiation budget; and terrestrial 
RADIATION. 

node 1 . A point of zero displacement in a 
material transmitting ‘standing waves, pro¬ 
duced by destructive ‘interference between 
waves propagating in opposite directions. 



















































null hypothesis 


null hypothesis See hypothesis. 
null point 1 . In nearshore, shoaling waters, 
each particle-size of ‘sediment should hypo¬ 
thetically have a null point, where there is no 
net movement of the particle landward or 
seaward. It is the point where there is a bal¬ 
ance between the component of gravity act¬ 
ing down the slope in a seaward direction 
and the force on the particle resulting from 
the difference between the crest and trough 
velocities of the waves which tends to move 
the particle landwards. 2. In an ‘estuary, 
the point at which the residual sea water 
landward flow is balanced by the seaward 

numerical aperture See objective. 
numerical taxonomy The classification 
of organisms by purely mathematical means. 
It is based on quantifying observable charac¬ 
teristics of organisms and may be operated at 
various taxonomic levels to deal with species 
or higher taxa. It involves the grouping and 
computation of the similarity of characters; 
the results are usually displayed graphically, 
as a ‘phenogram or dendrogram. There has 
been discussion as to whether classifications 
produced in this way are valid and reflect 
‘phylogeny. See taxon; and taxonomy. 
Nummulites A genus of larger 
‘Foraminiferida, which have a flattened, dis- 
coidal or lenticular ‘test. They lived in warm, 
shallow, marine waters from the top of the 
‘Palaeocene to the Upper ‘Oligocene, and in 
some areas they are numerous enough to be 
major rock formers. Many species have been 
described; they occur at different strati¬ 
graphic levels and in different ‘facies associa¬ 
tions. Nummulites planulatus, which is Cuisian 
in age, is often found in association with alve- 


olinids and miliolids in a sandy facies; N. glob¬ 
ulus occurs in the Ilerdian of the Pyrenees in 
marly and sandy facies; N. gizahensis is one of 
the largest forms and is usually found in sub- 
reefal ‘limestones of the Upper ‘Lutetian of 
the ‘Tethyan realm; N. variolarius preferred 
shallow, calm environments and is found 
with miliolids in sandy limestones of the Mid¬ 
dle and Upper Lutetian, 
nunatak Rocky summit or mountain range 
that stands above a surrounding ‘ice sheet in 
an area that currently is being glaciated. 
Nunivak A normal ‘polarity subchron 
which occurs within the ‘Gilbert reversed 


Nusselt number A dimensionless number 
relating to the ‘Rayleigh number. It corre¬ 
sponds to 1 for initial convective motion and 
increases with an increased probability of 
convective motions occurring, 
nutation Irregularities in the orbital mo¬ 
tion of the Earth (or other planets) superim¬ 
posed on the ‘precession of its axis. The 
dominant nutation of the Earth’s axis has an 
18.6-year periodicity. 

nutrient cycle See biogeochemical cycle. 
Nyquist frequency (folding frequency, 

f N ) A frequency which is half of the ‘sam¬ 
pling frequency. The Nyquist interval is the 
frequency range from zero to / N , where / N = 
l(2At) and At is the ‘sampling interval. For 
example, if the sampling interval At is 2 ms 
(i.e. a sampling frequency of 500 Flz), then/ N 
= 1(2 X 0.002) = 250Hz. It is important to 
know the value of the Nyquist frequency, as 
frequencies greater than/ N will alias (or ‘fold 
back’) and appear as lower frequencies from 
which they cannot be distinguished. 
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optical continuity 


range zones in the rigorously applied sense of 
that term, although the term ‘concurrent 
range zone’ is commonly used for what is, in 
fact, an Oppel zone. 

optical continuity In optical ‘mineral¬ 
ogy, the situation that occurs where two min¬ 
eral grains are oriented such that their 
optical properties are consistent and in the 
same orientation with respect to their funda¬ 
mental crystallographic properties, 
optical emission spectrum See spectrum. 
optical goniometry See goniometry. 
optical indicatrixSeeiNDicATRix. 
optic axis In mineral optics, the direction 
perpendicular to a circular cross-section of an 
‘indicatrix. Sections cut parallel to this cir¬ 
cular cross-section are ‘isotropic. 

OpX See ORTHOPYROXENE. 

Or See aikaii feldspar. 
o-ray See extraordinary ray. 
orbicular Disc-shaped, circular, or globular, 
orbicular texture Concentric shells of con¬ 
trasting mineralogy and texture which form 
spherical masses of diameter 2-15 cm in 
‘basic and ‘felsic ‘plutonic ‘igneous rocks, 
orbit 1 . The bony socket of the eye. 

2. The path described by a body moving 
around another under gravitational attrac¬ 
tion. See EQUATORIAL ORBIT; GEOSTATIONARY 

orbit; geosynchronous orbit; polar orbit; 
and sun-synchronous orbit. 
orbital forcing The influence on climate 
and sea level of changes in the orbit and rota¬ 
tion of the Earth. See milankovitch cycles. 
orbit period The time taken by a body to 
complete a single orbit, 
order See classification. 

Ordian A ‘stage (510-520 Ma ago) of the 
Lower to Middle ‘Cambrian of Australia, un¬ 
derlain by the ‘Lower Cambrian’ and overlain 
by the ‘Templetonian, 
ordinary ray See extraordinary ray. 
Ordnance Survey (OS) The national map¬ 
ping agency in the United Kingdom, which 
publishes general and specialized maps of 
the country at several scales. The OS began in 
1791, when the British government, fearing 
invasion following the French Revolution, in¬ 


structed its board of ordnance (equivalent to 
a defence ministry) to survey and map the 
south coast of England. That operation led to 
the surveying and mapping of the entire 
country. While remaining a government 
agency, since 1999 the OS has had the status 
of a ‘trading fund’, which gives it greater re¬ 
sponsibility for its own finances and plan¬ 
ning, and more freedom to develop new 
initiatives. 

Ordovician The second (488.3-443.7 Ma) of 
six ‘periods that constitute the ‘Palaeozoic 
Era, named after an ancient Celtic tribe, the 
Ordovices. The Ordovician follows the ‘Cam¬ 
brian and precedes the ‘Silurian. It is noted 
for the presence of various rapidly evolving 
‘graptolite genera and of the earliest jawless 
fish. 

ore A ‘mineral or ‘rock that can be worked 
economically. 

orebody Accumulation of ‘minerals, dis¬ 
tinct from the host rock, and rich enough in a 
metal to be worth commercial exploitation, 
ore genesis Process by which a mineral de¬ 
posit forms. Metalliferous mineral deposits 
maybe syngenetic (formed at the same time as 
the host rocks) or epigenetic (deposited later 
than the host rocks). Deposits maybe classified 
according to their processes of formation into 
‘igneous, ‘sedimentary, metamorphic (see 
metamorphism), or ‘hydrothermal, 
ore grade The concentration of an element of 
interest in a potentially mineable ‘ore deposit, 
ore microscope See polarizing micro- 

ore microscopy See reflected-light 
microscopy. 

ore mineral A metalliferous ‘mineral that 
maybe extracted profitably from an ‘orebody. 
In mineralogy the term is applied to those 
minerals that may polish with a ‘metallic 
‘lustre even when dispersed. See also opaque 
MINERAL. 

Oretian See balfour; and carnian. 
organic soil Soil with a high content of or¬ 
ganic matter and water. The term usually 
refers to ‘peat. The *USDA defines an organic 
soil as one with a minimum of 20-30% or¬ 
ganic matter, depending on the ‘clay content. 
Oriental faunal realm Area that encom¬ 
passes India and Asia south of the 
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orthids See orthida. 
orthite See allanite. 
orthoamphiboles See amphiboles. 
orthochemical 1. The term used in the 
‘Folk classification to describe the ‘micrite 
‘matrix and sparry calcite (‘sparite) ‘ce¬ 
ment in ‘limestones. 2. Applied to rocks 
consisting of micrite without allochemical 
particles (see allochem). 3. Applied to a ‘car¬ 
bonate particle formed by direct chemical 
precipitation. 

orthoclase See alkali feldspar. 
orthoconglomerate A ‘clast-supported 
‘conglomerate containing less than 15% 
‘matrix between the pebbles. The clasts are 
bound together mainly by mineral ‘cement, 
orthoconic Applied to the conch of a 
‘cephalopod when it is a straight, tapering 

orthoferrosilite See enstatite. 
orthogenesis Evolutionary trends that re¬ 
main fairly constant over long periods of time 
and so appear to lead directly from ancestor 
organisms to their descendants. This was 
once explained as the result of some internal 
directing force or ‘need’ within the organ¬ 
isms themselves. Such metaphysical interpre¬ 
tations have been displaced by the concepts 
of‘orthoselection and species selection, 
orthogonal thickness (t) The thickness of 
a folded layer, measured perpendicularly to 
parallel tangents to the inner and outer fold 
surfaces. 

orthomagmatic Applied to the stage dur¬ 
ing which the main mass of ‘silicates crystal¬ 
lizes from a ‘magma. The stage can be 
divided into an early orthomagmatic stage, 
during which anhydrous silicate minerals 


crystallize, and a late orthomagmatic stage, 
during which anhydrous and hydroxyl¬ 
bearing silicate minerals crystallize, 
orthophotograph An aerial photograph 
in which distortions due to the ground topog¬ 
raphy, such as elevation and tilt, have been re¬ 
moved, giving the appearance of every object 
being viewed directly from above, like a map. 
Distortions are removed by a ‘photogram- 
metric system. 

orthopyroxene (opx) A series of ‘pyrox¬ 
enes which crystallize in the ‘orthorhombic 
system. They consist of the * enstatite (MgSi0 3 ) 
and ferrosilite (FeSi0 3 ) ‘end-members, with a 
number of other minerals between, including 
‘bronzite, ‘hypersthene, and eulite. 
orthoquartzite See quartzite. 
orthorhombicApplied to a ‘crystal system 
where the ‘Bravais lattices have three sets of 
edges at right angles, but all are of different 
lengths. They can he referred to three ‘crys¬ 
tallographic axes, a, b, and c or x, y, and z, of 
unequal length and at right angles to each 



Orthorhombic 


orthorhombic amphiboles See amphi- 

orthoscopic Applied to observations in op¬ 
tical microscopy which use parallel beams of 
light passing through the atomic structure of 
a ‘crystal. This is the normal mode of obser¬ 
vation while ‘conoscopic (i.e. convergent 
light) observations are used for specialized 
techniques of‘mineral identification, 
orthoselection Primary selective pressure 
of a directional kind, which results in a self- 
perpetuating evolutionary trend. Species se¬ 
lection has been advanced as an alternative 
explanation for such trends. See also dollo’s 
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ozonesonde 


have taken place. For example, surface waters 
vary in their oxygen isotopes; light water 
(H 2 ' 6 0) has a higher ‘vapour pressure than 
H 2 “0, and therefore is concentrated by evap¬ 
oration so that fresh water and polar ice are 
light but sea water is heavy. CaC0 3 or Si0 2 are 
richer in the heavier isotope when precipi¬ 
tated from sea water than when precipitated 
from fresh water. Moreover, because of mete¬ 
orological cycles of evaporation/condensa¬ 
tion, there is a steady depletion of “O in sea 
water towards the poles. See also isotope frac¬ 
tionation; and OXYGEN-ISOTOPE ANALYSIS, 
oxygen isotopes There are three ‘iso¬ 
topes of oxygen, 16 0, 17 0, and ,8 0. The most 
important in geology are 16 0 and ls 0, as 
both these isotopes are found together in 
‘carbonate rocks and ‘minerals. The 18 0: ls 0 
ratio (see oxygen-isotope ratio) varies with 
the temperature and chemical composi¬ 
tion of the water in which shelly organisms 
grew, or of the subsurface waters from which 
diagenetic carbonate ‘cements crystallized. 
The 18 0: 16 0 ratio is therefore a valuable tool 
for palaeothermometry (see oxygen-isotope 
analysis) and for diagenetic studies (particu¬ 
larly when used together with a study of 13 C: 
12 C isotope ratios), provided that there have 
not been subsequent changes to the isotopic 
composition. See diagenesis. 
oxygen-isotope stage One of the glacial 
or ‘interglacial ‘stages revealed by ‘oxygen- 
isotope curves. Curves from Atlantic and 
Pacific deep-sea cores were divided by C. Emil- 
iani into 16 stages, their fluctuations being 


subdivisions in 1973, from their studies of a 
core from the western Pacific in which 23 
stages were recognized. These are presumed 
to represent a continuous record from about 
870000 years BP. In 1976, J. Van Donk obtained 
curves from a core in the equatorial Atlantic 
which yielded 42 isotope stages, representing 
21 glacial and 21 interglacial stages, 
oxyhornblende See kaersutite. 
oxy luminescence See thermoluminescence. 
Oyashio current Western ‘boundary cur¬ 
rent in the subpolar gyre of the N. ‘Pacific. It 
originates in the Bering Sea and flows south¬ 
west off the Kuril Islands to meet the 
‘Kuroshio current east of northern Japan. The 

(4-5 °C at 200 m depth), and has a low ‘salin¬ 
ity (33.7-34.0 parts per thousand), 
ozone layer The atmospheric layer at 
15-30 km altitude, in which ozone (0 3 ) is con¬ 
centrated at 1-10 parts per million. Ozone 
also occurs in very low concentration at alti¬ 
tudes of 10-15 km and 30-50 km. Generally, 
atmospheric ozone is produced by the photo¬ 
chemical dissociation of oxygen (0 2 ), result¬ 
ing from absorption of ultraviolet solar 
radiation, to form atoms of oxygen (O). These 
atoms collide with molecular oxygen (0 2 ) to 
form ozone (0 3 ), which in turn absorbs solar 
radiation for further dissociation to O and 0 2 . 
The ozone layer limits the amount of ultravi¬ 
olet radiation reaching the ground surface. 
See also atmospheric structure. 


ozonesonde A nackage of instruments ca 
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pakakota A rock platform on a small island 
(*motu) in an *atoll that resists erosion. A 
pakakota is made from * conglomerate or 
•phosphate rock. 

Palaearctic faunal realm Region 
coincident with Europe, Asia north of the Hi- 
malayan-Tibetan physical barrier, N. Africa, 
and much of Arabia. The region is similar at 
the family level, and rather less so at the 
generic level, to the *Nearctic faunal realm: 
the ‘Bering ‘land bridge connected the two 
for much of the *Cenozoic Era. 
palaeo- (paleo-) From the Greek palaios 
meaning ‘ancient’, a prefix meaning ‘very 
old'or‘ancient’. 

pa laeoautecology The study of past popu¬ 
lations, usually comprising only one or two 

palaeobiogeography The scientific 
study of the geographic distribution of ‘fos¬ 
sils. See also biogeography. 
palaeobiology The attempt to interpret 
the biology of ‘fossil organisms. It is some¬ 
times combined with functional morphol¬ 
ogical studies in the more general study of 
‘palaeoecology. 

pa laeobotany The study of ‘fossil plants. 
Palaeocene (Paleocene) The lowest epoch 
of the ‘Palaeogene Period, about 65.5-55.8 
Maago. The name is derived from the Greek 

and means ‘the old part of the ‘Eocene’ (the 
subsequent epoch). 

Palaeocene-Eocene thermal maxi¬ 
mum (PETM, Initial Eocene Thermal Maxi¬ 
mum, IETM) A ‘climatic optimum that 
occurred approximately 55Maago and lasted 
for less than 100 000 years, at the boundary be¬ 
tween the Palaeocene and Eocene epochs. At 
the commencement of the PETM the global 
mean temperature rose rapidly by 5-8 °C and 
the oceans warmed throughout their depths. 
A second, briefer rise in temperature occurred 
about 2 million years later. The cause of the 
rise in temperature is not known, 
palaeodimatic indicator One of the 
sources from which evidence concerning 
past climates can he obtained. For example, 
glacial, ‘periglacial, and pluvial deposits pro¬ 
vide morphological information related to 
climate; cave deposits, dunes, and dunefields 
yield lithologic information; and plants 


(including pollen), molluscs (‘Mollusca), 
foraminifera (‘Foraminiferida), beetles, and 
ostracods (‘Ostracoda) are among the organ¬ 
isms that have been used to derive biotic in¬ 
formation. 

palaeodimatology The study of past cli¬ 
mates from the traces left behind in the 
geologic record. It is assumed that the *uni- 
formitarian principle has obtained, but this 
may not be the case, and the geologic data are 
always insufficient for palaeoclimatological 
purposes. Dating methods and ‘palaeogeo- 
graphic reconstructions are suspect, and 
often ‘fossil faunas and floras cannot be re¬ 
lated easily in terms of time. Most glacial 
‘strata can be dated only within wide limits 
and many climatic criteria leave no mark in 

palaeocurrent analysis The collection, 
presentation, and interpretation of direc¬ 
tional data measured from ‘sedimentary 
structures and textures which were formed 
under flowing water, the wind, or moving ice. 
Ranging from the study of a single structure 
to data collected across a whole ‘sedimen¬ 
tary basin, palaeocurrents can yield a hierar¬ 
chy of information, from the local direction 
of ‘flow which yielded a single ‘ripple train, 
through the direction of migration of a ‘bar 
or ‘channel, to the movement of ‘sediment 
through a river or deltaic network (see delta), 
and the regional pattern of sediment ‘prove¬ 
nance and dispersal through a basin. 
Palaeodictyon A representative of the *N ere- 
ites ‘trace fossil assemblage, associated with 
deep-water ‘turbidite facies. Palaeodictyon was 
originally thought to be a complex grazing 
trace but is now thought to represent a perma¬ 
nent or semi-permanent ‘burrow system. The 
burrows form a complex, hexagonal pattern 
with a single, vertical tube reaching towards 
the bed surface. It is probable that the organism 
concerned ‘farmed’ bacteria or algae within 
the burrows; water currents passed down the 
vertical tubes to irrigate the burrow system, 
palaeoecology The application of ecologi¬ 
cal concepts to ‘fossil and sedimentary evi¬ 
dence in order to study the interactions of the 
Earth’s surface, ‘atmosphere, and ‘bios¬ 
phere in pre-historic and geologic times, 
palaeoflow The river flow that cut a stream 
bed that later filled; its direction can be 
determined from the ‘cross-stratification it 
produced. 
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geometry, parallel folds cannot maintain 
their profiles over long distances; their form 
changes along the *axial plane, 
parallel twins A twinned crystal (see crys¬ 
tal twinning) where the twin axis lies in the 
•composition plane parallel to a *zone axis, 
e.g. a ‘Carlsbad twin in *orthoclase feldspar, 
paramagnetism Magnetization developed 
in atoms or *ions that have permanent intrin¬ 
sic magnetic moments, in the same direction 
as an applied field. It is usually somewhat 
larger than that resulting from the ‘diamag¬ 
netism of the material, and may have ‘ferro¬ 
magnetism superimposed upon it. 
parameter (intercept ratio) In ‘crystallo¬ 
graphy, the ratio of the intercepts made by a 
plane (the parametral plane), parallel to a 
‘crystal face, which intersects the ‘crystallo¬ 
graphic axes, and which has been chosen to 
define a unit length of intersection along 
each axis. The ‘form of which the face is a 
member is called the ‘unit form’, ‘fundamen¬ 
tal form’, or ‘parametral form’. See also axial 

parametral form See parameter. 
parametral plane See parameter. 
paramorph A crystal formed by the conver¬ 
sion of one ‘mineral polymorph (see poly¬ 
morphism) to another. The polymorphs of 
silica provide a good example. If the high- 
temperature form, ‘cristobalite, converts to a 
lower-temperature form, e.g. ‘tridymite, the 
tridymite would form a paramorph. 
parapatric Applied to species whose habi¬ 
tats are separate but adjoining. Compare 
allopatric; and sympatric. 
paraphyletic Of a ‘taxon, including some 
hut not all descendants of the common an¬ 
cestor (i.e. not ‘holophyletic). 
Parapithecidae (order Primates, suborder 
Simiiformes) An extinct family of primates 
which lived during the ‘Eocene and 
‘Oligocene in Egypt; Eocene fossils from 
Burma are sometimes included in the family 
in addition. They showed certain similarities 
in dentition to ‘Condylarthra, but had short 
faces and jaws shaped like those of tarsiers. 
parasequence In the ‘genetic strati¬ 
graphic sequence model used in ‘sequence 
stratigraphy, a relatively conformable se¬ 
quence of genetically related beds bounded 


by surfaces formed by marine flooding. A suc¬ 
cession of genetically related parasequences 
forms a parasequence set. 
parasequence set See parasequence. 
parasitic cone (adventive cone) A conical 
mound of ejecta accumulated around an erup¬ 
tive vent on the lower flanks of a large ‘vol¬ 
cano. Parasitic cones sometimes grow into 
large volcanic centres themselves, and may he 
on the line of a fissure which radiates a great 
distance from the main volcanic conduit, 
parasitic fold A ‘fold of small ‘wavelength 
and * amplitude which usually occurs in a sys¬ 
tematic form superimposed on folds of larger 
wavelength. Parasitic folds usually show typi¬ 
cal S and Z asymmetric profiles on their limbs 
and M profiles in the ‘hinge regions, 
parasitic magnetization ‘Ferromagnetic 
behaviour resulting from the imperfect cancel¬ 
lation of antiparallel magnetic lattices in an 
‘antiferromagnetic substance. ‘Hematite is a 
mineral exhibiting this magnetic behaviour, 
parastratotype An additional stratigraphic 
section, designated and described at the time 
of the establishment of a stratigraphic unit, to 
augment the definition given by the principal 
‘stratotype (the ‘holostratotype). The paras¬ 
tratotype is usually selected from within the 
‘type area. Compare hypostratotype. See also 
lectostratotype; and neostratotype. 
parataxon Artificial classification sug¬ 
gested for certain common organisms of 
doubtful affinities, or as yet unknown origins, 
e.g. ‘fossil ‘spores, ‘dinosaur footprints. 
Paratethys (Central European Sea) A large, 
arcuate seaway that, at its maximum develop¬ 
ment, extended a distance of 4500 km from 
just north of the Alps to just east of the Aral Sea. 
By the end of the ‘Oligocene it had been sepa¬ 
rated from the Boreal Sea by closure of the Ural, 
Polish, and Alsace Straits. Towards the end of 
the ‘Miocene it became more lagoonal in char¬ 
acter and by the ‘Pliocene was represented 
only by a series of land-locked lakes: Lake Bala¬ 
ton in Hungary, the Black Sea (rejoined to the 
Mediterranean Sea by ‘Quaternary faulting), 
the Caspian Sea, and the Aral Sea. 
paratype Specimen, other than a *holo- 
type, used as the ‘type’ material by an author 
at the time of the original description, and 
designated as such by the author. Compare 
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seismic wave. It depends on the amplitude of 
the wave and for weak seismic events may 
be of the order of lO^m/s. Compare seismic 
VELOCITY. 

parting lineation A series of parallel, Un¬ 
ear, low-reUef ridges and hollows, spaced a 
few millimetres apart, seen on *bedding 
planes in parallel-laminated ‘sandstones. 
The ‘lineation is the preserved trace of 
primary current lineations formed when 
‘plane-bedded sand is deposited from a high- 
velocity and usually shallow flow of water. 
The lineation is oriented parallel to the flow 
direction. See bed form. 
partition coefficient (distribution 
coefficient) 1. If a substance is dissolved in 
two immiscible liquids standing in contact 
with each other, the substance will partition 
or distribute itself between them in a constant 
ratio, called the partition coefficient. The 
value of this constant is dependent on the 
temperature, and on the identities of the 
solute and the solvents. (The number of solute 
molecules in solvent A divided by the number 
of solute molecules in solvent B is a constant.) 
2 . The ratio of the concentration (by weight) 
of an element (e.g. Ti) in a crystallizing ‘min¬ 
eral to its concentration in the ‘magma. For 
example, k„ = [Ti] ml J[Ti] mgm!1 , where kj, is the 
partition coefficient for Ti, and [Ti]^ and 
[Tilmagm, are the concentrations of Ti in the 
mineral and magma respectively. The value 
of k is dependent on temperature, pressure 
and the composition of crystallizing mineral 

pascal 1. (Pa) The derived SI unit of pres¬ 
sure, equal to 1 N/m 2 . 

2 . A high-level computer programming lan¬ 
guage. Both are named after the French 
mathematician Blaise Pascal (1623-62). 
pascichnia One of five groups of ‘trace fos¬ 
sils established in a behavioural (ethological) 
classification by A. Seilacher (1953). Grazing 
traces (pascichnia) result from the distinctive 
behavioural pattern of an animal during 
feeding. ‘Deposit feeders, e.g. *Nereites, leave 
a recognizable trace through the exploita¬ 
tion of ‘sediment for nutrition. 

Pasiphae (Jupiter VIII) One of the lesser 
satellites of ‘Jupiter, with a diameter of 
36 km; its orbit is ‘retrograde, 
pass band The range of frequencies that 
canbepassed through a band-pass filter with 
negligible ‘attenuation. See band filter. 


passive margin (trailing edge) A continen¬ 
tal margin which is not also a ‘plate margin. 
Such margins are also known as ‘aseismic 
margins’ or ‘Atlantic-type margins’ and are 
contrasted with ‘active margins. Passive mar¬ 
gins are characterized by rifted and rotated 
blocks of usually thick sedimentary se¬ 
quences. These rocks are often highly prospec¬ 
tive for oil and gas, with a variety of traps, 
including those related to the diapiric (see di- 
apirism) rise of the rock salt formed during 
the initial separation of the continents. 

passive margin basin (Afrotype 

drainage) A continental ‘drainage system in 
which water moves from a cratonic (see cra- 
ton) interior with no mountain belt younger 
than ‘Mesozoic and into a ‘passive margin. 
This type of drainage system is common in 
Africa, hence its alternative name; the Zaire 
River system is an example. 

passive margin-distal orogen basin 

(Amerotype drainage) A continental 
‘drainage system in which water moves to a 
‘passive margin from a mountain belt of 
‘Mesozoic or ‘Cenozoic age on the ‘distal 
side of the basin; the Amazon River system is 
an example. 

passive microwave ‘Electromagnetic ra¬ 
diation with a wavelength between 1mm 
and lm, which is emitted by all objects at 
temperatures higher than ‘absolute zero. 

passive remote sensing ‘Remote sens¬ 
ing which is based on the illumination of a 
scene by ‘electromagnetic radiation from a 
natural source. An example is photography. 
Compare active remote sensing. 

Pasteur effect The transition from an 
anaerobic to an ‘aerobic life-style, which 
occurs among certain organisms when the 
oxygen content of the atmosphere is 1% of 
that of the present day. The critical point of 
transition is the ‘Pasteur point’. The gradual 
oxygen enrichment of the Earth’s atmosphere 
during the ‘Precambrian passed through the 
Pasteur point approximately 700 Ma ago, re¬ 
sulting in a general transition to an aerobic 
life-style. 

Pasteur point See pasteur effect. 

Pastonian A Middle ‘Pleistocene ‘stage 
represented by estuarine silts and fresh¬ 
water peat, revealed as marine clays in the 
‘borehole at Ludham, Norfolk, England. See 
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volcanic, terrigenous, and extraterrestrial de¬ 
bris also contribute to pelagic ooze, 
pelagic sediment (pelagite) A sediment 
formed in the open sea by the slow settling of 
calcareous and siliceous biogenic particles, bio¬ 
genic material comprising more than 75% of 
the volume. Compare hemipelagic sediment. 
pelagite See pelagic sediment. 

Peleean eruption A very violent type of 
volcanic activity characterized by the release 
of ‘nuees ardentes (glowing clouds of gas- 
fluidized material). Highly viscous Havas are 
typically involved and the * eruptions may be 
preceded by the growth of a lava dome. Nuees 
ardentes may be formed by the explosive dis¬ 
ruption of a growing dome, or by mechanical 
collapse of a dome growing on a steep slope. 
See volcano. Compare Hawaiian eruption; 
plinian eruption; strombolian eruption; 
vesuvian eruption; and vulcanian eruption. 
Pelecypoda See bivalvia. 

Pele's hair Thin filaments of basaltic glass 
formed from chilled Hava spray thrown out 
from a ‘volcano during ‘Hawaiian ‘erup¬ 
tions, and named after Pele, the Hawaiian 
goddess ofvolcanoes. The lava is so fluid that 
on eruption it forms droplets, shaped pri¬ 
marily by surface-tension forces, drawing be¬ 
hind them the long filaments which break to 
form the Pele’s hair. The filaments maybe me¬ 
tres long, and drift downwind for many kilo¬ 
metres. The solidified droplets themselves 
are known as ‘Pele’s tears’. Fragments formed 
from solidified lava spray are given the gen¬ 
eral name ‘achneliths’. 

Pele's tears See pelt’s hair. 
pelite (adj. pelitic) An aluminium-rich, 
‘metamorphic rock formed by the ‘meta¬ 
morphism of clay-rich ‘sedimentary rocks, 
e.g. ‘shales and ‘mudstones. The type of 
aluminium-bearing ‘silicate minerals seen 
in the rock depends on the pressure and tem¬ 
perature of the metamorphism but usually 
includes one of the ‘mica group minerals. 
‘Quartz is ubiquitous in pelites. 

pellet limestone See leighton-pendexter 
CLASSIFICATION. 

pellets ‘Grains of faecal origin, commonly 
found in ‘limestones and ‘phosphorites. 
Structureless grains resembling pellets 


which cannot be shown to be of faecal origin 
are termed ‘peloids’. See faecal pellet. 
pellicular water (film water) Thin films of 
water that cling to soil and rock particles 
above the ‘water-table, 
pelmatozoan Applied to echinoderms 
that are attached to the substratum (e.g. 
primitive ‘Crinoidea). The term is used infor¬ 
mally, and in some classifications Pelmato- 
zoa is ranked as a subphylum of the 
‘Echinodermata. Compare eleutherozoan. 
pelmicrite See folk limestone classifi- 

peloid See pellets. 

pelosols A major group in the soil 
classification developed by the Soil Survey for 
England and Wales, pelosols are soils with a 
high concentration of ‘clay that crack when 
they are dry. 

pelsparite A ‘limestone defined in the 
‘Folk limestone classification as comprising 
pellets together with a ‘sparite ‘cement, 
pelvic girdle 1 . In vertebrates (see 
craniata), the skeletal structure that pro¬ 
vides support for the hind limbs or fins. 
2 . The part of the abdomen that is sur¬ 
rounded by the bony pelvis, 
pelvis In vertebrates, part of the appen¬ 
dicular skeleton that is fused to the sacral ver¬ 
tebrae and provides support for the hind 
limbs or fins. 

Pelycosauria Order of ‘synapsid reptiles 
dating from the Upper ‘Carboniferous 
and Lower ‘Permian, e.g. Varanosaurus, 
Edaphosaurus, and Dimetrodon. Several sported 
large, sail-like, dorsal fins, and both carnivo¬ 
rous and herbivorous types appeared. They 
gave rise to and were replaced by the 
mammal-like reptiles (‘Therapsida). 

Penck, Albrecht (1858-1945) A German 
mineralogist from the University of Berlin, 
Penck’s main interest was in ‘Quaternary 
glacial land-forms, which he classified ac¬ 
cording to shape. Some of his work was done 
in cooperation with his son Walther ‘Penck. 
Penck, Walther (1888-1923) A German ge¬ 
ologist, Penck assisted his father Albrecht 
‘Penck in his studies of land-forms. Indepen¬ 
dently, he worked on the structure of moun¬ 
tain regions, especially the Alps, modifying 
‘Suess’s ideas on continental uplift. 
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*torbernite, "turquoise, "vivianite, and 
"wavellite). 

phosphorescence The property of some 
"minerals of emitting light during exposure 
to X-rays, ultraviolet light, or cathode radia¬ 
tion and continuing to do so after the expo¬ 
sure has ceased (if light emission ends when 
the radiation source is switched off, the prop¬ 
erty is called 'fluorescence'). The colour of the 
emitted light varies with the wavelength of 
the radiation to which the mineral is ex¬ 
posed, and is thought to be due to the pres¬ 
ence of traces of organic material or "cations 
within the atomic structure of the mineral, 
phosphorite A "sedimentary rock rich in 
phosphate, usually in the form of carbon¬ 
ate hydroxyl fluorapatite (Ca 1 „(P0 4 C0 3 ) 6 F 2 _3). 
Phosphorites occur as "nodules and crusts 
formed in oceanic areas where sedimenta¬ 
tion rates are very low, by the early, near¬ 
surface diagenetic alteration (see diagenesis) 
of "ooids, "pellets, and "bioclasts, or as accu¬ 
mulations of "bones and fish scales in "fluvi- 
atile to shallow marine environments. See also 
GUANO. 

photo- From the Greekphos photos meaning 
‘light’, a prefix meaning ‘light’, 
photochemical smog Hazy condition of 
the atmosphere due to the reaction of hydro¬ 
carbons with molecules of nitrogen oxide in 
sunlight which produces complex organic 
molecules of peroxyacetyl nitrates (PAN). In 
humid conditions these molecules produce 
"smog. Such phenomena are common in 
large urban areas (e.g. the Los Angeles Basin 
and Athens) where there are stable atmos¬ 
pheric conditions and a high level of hydro¬ 
carbon input from incomplete combustion in 
car engines. Natural photochemical reac¬ 
tions occur in the high atmosphere with the 
absorption of radiation by oxygen to produce 
ozone. See also ozone layer. 
photodisintegration Decomposition of a 
compound in the presence of light, particu¬ 
larly sunlight. 

photodissociation The splitting of a mol¬ 
ecule into atoms or other molecules as a 
result of its absorption of radiation, 
photogeology The determination of the 
overall geology of an area through the inter¬ 
pretation of photographic data (see aerial 
photography) by noting variations in colour, 
tone, geometry, relative relief, and surface 


texture of land-forms, rock "outcrop bound¬ 
aries, vegetation patterns, etc. 
photogrammetry In "remote sensing, the 
use of aerial photographs or satellite images 
to measure distances between ground objects 
accurately. 

photographic infrared See near- 
infrared. 

photohydrometer An instrument that cal¬ 
culates the size of sediment grains by measur¬ 
ing changes in the intensity of a light beam 
passed through a column of settling particles, 
photometer In a "reflected-light micro¬ 
scope, an attachment which is used to measure 
the "reflectance of "ore minerals. It consists of 
a photomultiplier tube that has high sensitiv¬ 
ity throughout the visible spectrum. It is used 
in conjunction with a stabilized fight source 
and high quality "monochromators; its read¬ 
ings conform to Commission on Ore Mi¬ 
croscopy (COM) standards, 
photometry A general term for the physi¬ 
cal measurement of the ultraviolet, visible, 
and infrared portions of the electromagnetic 
spectrum. 

photon log The record of a scintillometer 
that has passed through a "borehole. It is 
identical to a "gamma-ray log, except that the 
sonde is central within the hole and there¬ 
fore sensitive to the size of the borehole. (The 
gamma-ray sonde is held against the bore¬ 
hole wall and is insensitive to the size of the 
borehole.) 

photopolarimeter-radiometer (PPR) A 

"remote-sensing instrument that measures 
the intensity and polarization of sunlight 
in the visible part of the spectrum, from 
which the temperature and cloud formation 
in planetary and satellite atmospheres can be 
determined, as well as some surface details, 
photosphere The thin shell of light around 
the "Sun from which light escapes and 
within which the solar "spectra originate, 
photosymbiosis A symbiotic (see symbio¬ 
sis) relationship between two organisms (e.g. 
"Foraminiferida and algae) one of which (in 
this example the "alga) is capable of "photo¬ 
synthesis. 

photosynthesis Term given to the series 
of metabohc reactions that occur in certain 
autotrophic organisms, whereby organic 
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compounds are synthesized by the reduction 
of carbon dioxide using energy absorbed by 
chlorophyll from sunhght. In green plants, 
where water acts both as a hydrogen donor and 
as a source of released oxygen, photosynthesis 
maybe summarized by the empirical equation: 
chlorophyll 

6C0 2 + 6H 2 0 -> C 6 H 12 0 6 + 60 2 T 
light 

(oxygen being released as a gas). Photosyn¬ 
thetic bacteria are unable to utilize water and 
therefore do not produce oxygen. Instead 
they may use hydrogen sulphide (purple and 
green sulphur bacteria) or organic com¬ 
pounds (purple non-sulphur bacteria) as a 
source of hydrogen, 
phragma See dinophyceae. 

Phragmites cliffwoodensis Early repre¬ 
sentative of the reed-grasses, recorded from 
the mid-*Cretaceous of New Jersey, USA It 
has rather uncertain affinities but if accepted 
would be the first of the family Gramineae 
(grasses). 

phragmocone The septate shell of a 
cephalopod (‘Cephalopoda). The term is also 
applied to the septate portion of a belemnite 
(‘Belemnitida) skeleton which, although re¬ 
duced in size, is ‘homologous to the external 
shell of other cephalopods. 
phreatic activity Volcanic ‘eruptions gen¬ 
erated by the interaction between hot ‘magma 
and surface lake water, sea water, or ‘ground- 
water. The water immediately surrounding the 
magma is heated and volatilized. Its expansion 
builds up pressure on the envelope of water 
surrounding it. When the pressure exceeds the 
confining pressure of the overlying water col¬ 
umn the water vapour expands explosively to 
produce a steam-dominated, phreatic (i.e. sub¬ 
surface water) eruption. Where significant 
amounts of magmatic material are ejected in 
addition to steam the activity is said to be 
‘phreatomagmatic’. 

phreatic zone (zone of saturation)The soil 
table, where all voids are saturated. See also 

phreatomagmatic activity See phreatic 

Phycosiphon An ‘ichnoguild of structures 
made by deposit feeders that moved freely 
some distance below the surface. 


phyletic Pertaining to a line of descent, 
phyletic evolution Evolutionary change 
within a lineage, as a result of gradual adjust¬ 
ment to environmental stimuli, 
phyletic gradualism Theory holding that 
‘macroevolution is merely the operation of 
‘microevolution over relatively long periods 
of time. Thus gradual changes will eventually 
accumulate to the point at which descen¬ 
dants of an ancestral population diverge into 
separate species, genera, or higher-level *taxa. 
phyllic alteration A type of ‘alteration 
that is found in * country rocks of copper and 
molybdenum ‘porphyry deposits, 
phyllite Fine-grained (less than 0.1mm), 
low-grade ‘metamorphic rock, of ‘pelitic 
composition, with a well-developed ‘schist- 
osity, that often has a silky sheen due to the 
parallel orientation of ‘phyllosilicate miner¬ 
als (e.g. ‘chlorite, ‘muscovite, and ‘sericite). 
Compare slate; and schist. 
phyllonite A ‘slate-like, ‘dynamic meta¬ 
morphic rock formed in ‘fault zones and 
containing a penetrative ‘cleavage orien¬ 
tated parallel to the ‘fault plane. The cleav¬ 
age is formed by the ‘recrystallization and 
alignment of sheet ‘silicates during fault 
movement. 

phyllosilicate (sheet silicate, layered sili¬ 
cate) A large group of ‘silicate minerals 
which are characterized by possessing layers 
of [SiOJ 4 ^ tetrahedra linked together to form a 
flat sheet with the composition [Si 4 0 10 ] n . This 
group includes ‘micas, ‘chlorite, ‘clays, talc, 
and ‘serpentine, which are soft minerals and 
of variable but generally low density. They 
form at low temperatures and some, particu¬ 
larly the clays, replace ‘primary minerals as a 
result of‘hydrothermal alteration or ‘weath¬ 
ering. They are an essential constituent of 
‘argillaceous sedimentary rocks and some 
low-grade ‘metamorphic rocks, 
phylogenetics The taxonomical classi¬ 
fication of organisms on the basis of their de¬ 
gree of evolutionary relatedness, 
phylogenetic tree A variety of ‘dendro¬ 
gram in which organisms are shown arranged 
on branches that link them according to their 
relatedness and evolutionary descent, 
phylogenetic zone See lineage-zone. 
phylogeny The evolutionary relation¬ 
ships within and between taxonomic levels, 
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gr. 3.30-3.46; "hardness 6.0; properties simi¬ 
lar to "augite, but occurs in rapidly chilled 
"igneous rocks. In slowly cooled rocks, pi- 
geonite changes to an "orthopyroxene as 
cooling proceeds. 

piggyback basin (thrust-sheet-top basin) 

A type of "foreland basin formed, in addition 
to a "foredeep, on top of a thrust sheet by the 
progressive development of "thrusts by col¬ 
lapse of the "footwall; the newly formed 
thrust becomes the active thrust surface and 
older thrusts, with their thrust slices, are car¬ 
ried forward on it passively. 

piggyback thrust sequence A "thrust 
sequence formed by the progressive devel¬ 
opment of thrusts by collapse of the "foot- 
wall; the newly formed thrust becomes the 
active thrust surface and older thrusts, with 
their thrust slices, are carried forward on it 
passively. 



Piggyback thrust sequence 


Pikaia An early chordate ("Chordata) from 
the "Burgess Shale that was possibly related 
to the modern amphioxus. 

pile Timber, steel, or concrete sheet or col¬ 
umn sunk into loose ground or cast in a 
"borehole to carry vertical or horizontal 
loads and provide support under earth or 
water pressure. 

pileus From the Latin pileus meaning ‘cap’, 
an accessory cloud occurring as a small cap 
on or above a cumuliform cloud. The cloud is 
associated with "cumulus or "cumulonim¬ 
bus. See also cloud classification. 

pillar and stall (bord and pillar, room and 
pillar; in Scotland: stoop and room) Method 
of mining in which large chambers are 
excavated, leaving pillars of "ore, rock, or 
"coal to support the roof. 

pillar structure Pipe-like, near vertical 
tubes, with diameters of a few centimetres, 
found in association with "dish structures, 


and formed by the upward escape of water 
from liquefied "sediment, 
pillow lava Piles of elongate basaltic "lava 
pods, having the general appearance of a 
stacked accumulation of discrete stone pil¬ 
lows, often many hundreds of metres in thick¬ 
ness. Each ‘pillow’ is surrounded by a chilled, 
fine-grained, lava skin and sags into the pil¬ 
lows below it. The pillows are rarely more 
than one metre in diameter and in cross- 
section each one has a convex upper surface, 
radial and concentric fractures, and com¬ 
monly a central cavity or tube which once fed 
lava to the front of the advancing finger. The 
morphology indicates that the pillows contin¬ 
ued to behave as fluid bodies after the chilled 
carapace had formed. This provides good evi¬ 
dence of submarine eruption: lava entering 
water acquires a glassy outer skin as heat is 
conducted rapidly from the surface. Because 
water absorbs heat more readily than air, with 
little increase in its own temperature, the 
rapid surface cooling allows the molten plas¬ 
tic state of the pillow interior to be main¬ 
tained longer than it would be in air. Pillows 
have been observed forming under water 
from lava entering the sea off Hawaii. See also 
HYDROVOLCANIC PROCESSES, 
pilotaxitic A felted mass of "acicular or 
lath-shaped crystals found in fine-grained 
"igneous rocks; the crystals may be aligned 
to produce a flow structure, 
pinacoid Applied to a "crystal face which 
cuts the vertical c (or z) "crystallographic axis 
and is parallel to the horizontal a (or x) and 
b (or y) axes. A horizontal plane of symmetry 
(see crystal symmetry) repeats the face at the 
opposite end of the crystal. The resulting form 
is a pair of parallel faces with the index (001). 
pinch-and-swell See boudinage. 
pinger A high-frequency, high-resolution, 
shallow penetration device used in marine 
seismic-reflection profiling and offshore "en¬ 
gineering geophysical investigations, 
pingo Ice-cored, dome-shaped hill, oval in 
plan, standing 2-50 m high, and 30-600 m in 
diameter, developed in an area of "permafrost. 
The larger examples have breached crests in 
which ice may be exposed. They are probably 
due to local freezing ofwater that has migrated 
from adjacent uplands, or to the late freezing 
of the ground beneath a lake. See also falsa. 
pinite A fine-grained mixture of "muscovite 
and "chlorite with some "serpentine or iron 
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use the PWS to investigate the way plasma 
waves and radio emissions control the scatter¬ 
ing and/or loss of trapped radiation in the jov- 
ian atmosphere, and to derive fundamental 
plasma parameters, such as ‘electron density, 
plastic deformation A deformation 
process which proceeds elastically at low 
‘stress values and becomes viscous when a 
critical stress value is reached. Plastic defor¬ 
mation occurs in rocks under conditions of 
high pressure and temperature, producing a 
permanent alteration of their shape but with¬ 
out failure by rupture, 
plasticity index See atterberg limits. 
plastic limit See atterberg limits. 
plastron 1 . The lower, bony shell of a 
turtle. 2 . See irregular echinoids. 
plate 1 . A segment of the ‘lithosphere, which 
has little volcanic or seismic activity but is 
bounded by almost continuous belts (known as 
‘plate margins) of ‘earthquakes and, in most 
cases, by volcanic activity and young subsea 
or subaerial mountain chains. Most Earth 
scientists consider there are currently seven 
large, major plates (the ‘African, ‘Antarctic, 
‘Eurasian, *Indo-Australian or Indian, ‘North 
American, ‘Pacific, and ‘South American 
Plates). There are also several smaller plates (e.g. 
the ‘Arabian, ‘Caribbean, ‘Cocos, ‘Nazca, 
and ‘Philippine Plates) and an increasingly 
long list of‘microplates (e.g. the ‘Gorda, ‘Hel¬ 
lenic, and ‘Juan de Fuca Plates). The positions 
of the boundaries of some present-day plates 
are disputed, particularly within and adjacent 
to ‘collision zones, e.g. the Alpine-Himalayan 
belt, so it is not surprising that very little agree¬ 
ment has been reached about the histories of 
plates in the geologic past. 

2 . A general term applied to plane pieces of 
‘skeletal material usually formed from cal¬ 
cium carbonate. Plates occur in groups of sev¬ 
eral types, e.g. the ‘delthyrium in some 
brachiopods (‘Brachiopoda) is closed by a pair 
of‘deltidial plates. 

3 . The outer covering of a crinoid (‘Crinoidea) 
body, which consists of a series of rows of plates. 

4 . The bony covering, often fused to the ribs, on 
the upper and lower surfaces of the body of a 
turtle. The upper surface is the ‘carapace’, the 
lower is the ‘plastron’. 

plateau basalt An extensive, thick, smooth 
flow or succession of flows of high-tempera- 
ture, fluid ‘basalt erupted from fissures, 


flooding topographic lows, and accumulated 
to form a plateau. The Deccan Traps in India 
covers 260000 km 2 and the Columbia River 
Plateau basalt, in Washington State, USA, cov¬ 
ers 130000 km 2 and is more than 1800 m 
thick. Individual flows may have volumes of 
the order of 100 km 2 . The original area of the 
Thulean Plateau which formed in the north¬ 
eastern Atlantic Ocean region 30 Ma ago, was 
1.8 X 10 6 km 2 . The lava plains are built up by 
many thousands of individual flows from nu¬ 
merous, coalescing, ‘shield-type volcanoes 
with extremely low angles of slope, 
plate bearing test Static test to measure 
deformability in terms of the theory of elas¬ 
ticity (see elastic rebound theory). Values 
may be assigned to the ground for ‘Young’s 
modulus and ‘Poisson’s ratio, 
plate boundary See plate margin. 
plate kinematics The study of the geome¬ 
try of ‘plate margins and the relative veloci¬ 
ties of‘plate motions. 

plate margin (plate boundary) The bound¬ 
ary of one of the ‘plates that form the upper 
layer (the ‘lithosphere) and together cover the 
surface of the Earth. Plate margins are charac¬ 
terized by a combination of tectonic and topo¬ 
graphic features: oceanic ‘ridges, ‘Benioff 
zones, young fold mountains, and ‘transform 
faults. Plate margins are of three main types: 
(a) ‘constructive margins where newly created 
lithosphere is being added to plates which are 
moving apart at oceanic ridges; (b ) ‘conver¬ 
gent margins which can be either ‘destructive 
margins, where one plate is carried down into 
the ‘mantle, beneath the bordering plate, at a 
‘subduction zone, or a ‘collision zone, where 
two ‘island arcs or continents, or an arc and a 
continent, are colliding; or (c) ‘conservative 
margins, where two plates are moving in op¬ 
posite directions to each other along a ‘trans¬ 
form fault. All three margins are seismically 
active, with volcanic activity at constructive 
and destructive margins. Some plate margins 
exhibit features of more than one of the three 
main types and are known as ‘combined plate 
margins. See plate tectonics; and sea-floor 

plate motions The movement of tectonic 
‘plates is expressed in terms of rotations rel¬ 
ative to a ‘Euler pole. Such motions during 
the last 200 million years have been deter¬ 
mined mainly from ‘magnetic anomaly pat¬ 
terns in the ocean basins. Determination of 
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*mor *humus, ‘eluviated and bleached E 
‘soil horizon, and an iron-coloured B hori¬ 
zon, enriched with a variety of translocated 
materials. See also spodosols. 
podzolic soils A major soil group in the 
classification system developed by the Soil 
Survey for England and Wales, podzolic soils 
generally form in acidic environments and 
have accumulations of organic matter and of 
iron and aluminium oxides. There may be an 
iron pan in the B *soil horizon, 
podzol ization (podsolization) An advanced 
stage of ‘leaching, podzolization is the 
process of removal of iron and aluminium 
compounds, ‘humus, and ‘day minerals 
from the surface ‘soil horizons by an organic 
leachate solution, and the deposition of 
some of these translocated materials in lower 
B horizons. 

Podzols A reference soil group in the soil 
classification scheme used by the *FAO. Pod¬ 
zols have a ‘spodic B horizon, and usually a 
bleached surface ‘soil horizon and an iron 
pan at depth. 

Pogonophora (beard worms) A phylum 
comprising deep-sea worms, first encoun¬ 
tered in early * Cambrian rocks but discovered 
only in the 20th century. Beard worms bear a 
superficial resemblance to ‘Polychaeta and it 
has recently been proposed that they are actu¬ 
ally very highly specialized polychaetes. They 
live at great depths inside chitinous tubes 
they secrete for themselves in soft substrates, 
often in the vicinity of‘hydrothermal vents. 
Thebodyis ‘coelomate, partly segmented, has 
‘bristles' (chaetae), and is divided into three 
parts, the anterior crowned with tentacles. 
Their most remarkable feature is the complete 
absence of a gut. This has led to difficulties 
with classification because it is impossible to 
distinguish the ventral and dorsal surfaces. 
The animals are believed to obtain nourish¬ 
ment through a chemosymbiotic association 
(see chemosymbiosis) with bacteria. There are 
two groups, one found near vents and ‘cold 
seeps, the other occurring widely in all 

poikilitic Applied to the ‘texture produced 
when several orientated or unorientated crys¬ 
tals are enclosed within a larger crystal in an 
‘igneous rock. The larger crystals have more 
widely separated nuclei than the enclosed 
crystals, and may grow faster, thus enclosing 
surrounding grains. Where ‘augite encloses 


a number of ‘plagioclase feldspar crystals 
the poikilitic texture is given the specific 
name of ‘ophitic texture’. 

poikiloaerobic See dysaerobic. 
poikiloblast (adj. poikiloblastic) A large 
crystal which encloses several smaller, orien¬ 
tated or unorientated crystals in a ‘rneta- 
morphic rock. 

poikilotherm (exotherm) A vertebrate ani¬ 
mal that has no behavioural or metabolic 
means of regulating its body temperature, 
which therefore fluctuates with the tempera¬ 
ture of its surroundings. Fish and ‘amphib¬ 
ians are poikilothermic. Poikilotherms are 
often termed ‘cold-blooded’, although when 
exposed to sunshine their bodies may be 
warmer than their surroundings. Compare 

HOMOIOTHERM. 

poikilotopic Applied to the ‘fabric of a 
‘sedimentary rock in which coarse crystals 
of ‘cement enclose a number of smaller, de- 
trital grains, 
point bar See bar. 
point group See crystal class. 
point load index (4) The force needed to 
fracture a sample of rock between conical 
points: I, = P/D 2 , where P is force and D is 
the distance between the points, both at 
failure. I s is related to ‘uniaxial compressive 
strength (approximately equal to I s X 24). 
point load tester Equipment for measur¬ 
ing ‘point load index, consisting of a jack 
which closes 60° cones across a sample (usu¬ 
ally a piece of drill ‘core) and a gauge to mea¬ 
sure pressure just before failing, 
point source A source of energy which 
is considered to originate from a point and 
to have no effective size in relation to its 
observed effects, e.g. an explosive shot, a ‘cur¬ 
rent electrode in ‘electrical resistivity sound¬ 
ing, etc. 

Poisson distribution In statistics, a dis¬ 
crete ‘probability distribution which is ap¬ 
plied to the number of times an event occurs. 
Poisson's ratio (Y) The ratio of latitudinal 
to longitudinal ‘strain, which describes the 
extent to which a material is distorted in 
a direction perpendicular to an applied 
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polarity subchronozone 


chron. The term ‘polarity subchron’ has 
been proposed by the *ISSC to replace ‘“po¬ 
larity event’; however, at present both terms 
are in use. The corresponding polarity 
“chronostratigraphic unit is “polarity sub¬ 
chronozone. See also magnetostratigraphic 
time-scale; and polarity superchron. 
polarity subchronozone A polarity 
“chronostratigraphic unit denoting all the 
rocks, with or without magnetic minerals (see 
ferromagnetic), formed during a “polarity 
subchron. 

polarity subzone See polarity zone. 
polarity superchron The longest polarity 
time interval in the “magnetostratigraphic 
time-scale, comprising a number of “polarity 
chrons, and indicating a period of time (vary¬ 
ing between 30 and 100 Ma) during which the 
polarity of the Earth’s “geomagnetic field has 
a distinct bias. The bias may be towards a 
“normal field, a reversed field, or an evenly al¬ 
ternating field (called a mixed field), e.g. the 
present *Cretaceous-*Tertiary-*Quaternary 
mixed-polarity superchron. The correspond¬ 
ing polarity “chronostratigraphic unit is the 
“polarity superchronozone. 
polarity superchronozone The largest 
polarity “chronostratigraphic unit, denoting 
all the rocks, with or without magnetic min¬ 
erals (see ferromagnetic), formed during a 
specific “polarity superchron. 
polarity superzone See polarity zone. 
polarity time-scale See magnetostrati¬ 
graphic TIME-SCALE. 

polarity transition period The time taken 
for a change of polarity of the “geomagnetic 
field. It is thought to take 3 000-5 000 years for 
directional changes and about 12 000 years for 
associated intensity changes, 
polarity zone The basic magnetic “litho- 
stratigraphic unit, defined by the measured 
magnetic polarity of a body of rock. A polarity 
zone is bounded above and below by a “polar¬ 
ity reversal horizon or a “polarity transition 
zone. Polarity zones may comprise a number 
of polarity subzones and be grouped into 
polarity superzones. When used formally the 
term is often capitalized, e.g. “Gauss Polarity 
Zone. See magnetozone. 
polarization, electrode The accumula¬ 
tion of “ions around an electrode, causing 
the accumulation of a “charge. 


polarization colours See interference 
COLOURS. 

polarized radiation “Electromagnetic ra¬ 
diation which is orientated in a single plane, 
polarizer A piece of “Polaroid in a transmit¬ 
ted- or “reflected-light microscope which is 
inserted into the light path between the light 
source and the “mineral section. Observa¬ 
tions are made in “plane-polarized light and 
the light emerging is confined to either an 
E-W or N-S plane of vibration, 
polarizing microscope A microscope 
fitted with an “analyser and “polarizer to 
allow specimens to be examined in polarized 
light. The petrological (petrographic) micro¬ 
scope has a light source below the “stage so 
that light can be transmitted through the 
specimen. It is used to examine “thin sec¬ 
tions of “rocks and “minerals. The ore 
(reflected light) microscope uses an incident 
light source, allowing light to be reflected 
from the polished surface of an “ore 
(“opaque) mineral. The system of lenses, di¬ 
aphragms, rotating stage, polarizer, and 
analyser is broadly similar in both types of 
microscope, and dual microscopes are avail¬ 
able for use with either transmitted or 
reflected light. 

Polaroid The trade name of a plastic sheet 
impregnated with an organic iodide com¬ 
pound which strongly absorbs light in one 
“vibration direction and allows it to pass 
freely in the other vibration direction. The 
compound, iodocinchonidine sulphate, was 
first discovered by W. D. Herapath in 1852 and 
was named ‘herapathite’ in his honour. In 
1928 E. H. Land combined the compound 
with plastic to produce the Polaroid sheet. It 
is now used in the “polarizer and “analyser 
of all “polarizing microscopes to produce 
“plane-polarized and cross-polarized (see 
crossed polars) light respectively, 
polar orbit An “orbit which is inclined at 
45° or more to the equatorial plane. Compare 
EQUATORIAL ORBIT. 

polar stratospheric cloud (PSC) A cloud, 
consisting of ice crystals, which occurs in the 
“stratosphere late in winter over Antarctica 
and, less commonly, over the arctic. The 
water vapour that freezes may be derived 
from the dissociation of methane and the 
cloud forms in the very still, very cold air of 
a vortex over the pole (the less common 














polygenetic See coni 
polygonization See 
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postdisplacement 


bulk volume of the rock. The porosity is cal¬ 
culated by the expression: % porosity = (vol¬ 
ume of gas extracted/bulk volume of the rock 
sample) X 100. Permeability is measured in a 
*permeameter, by determining the pressure 
drop (Pj -PJ from a fluid of known "viscosity 
(p) and "flow rate (Q), across a rock sample of 
known cross-section (A) and length (1). Perme¬ 
ability (K) is then determined by "Darcy’s law: 
K=Qid/(P 1 -P 2 )A. 

porphyrin Heterocyclic derivative of a por- 
phin, which is composed of four linked rings, 
each containing nitrogen (a tetrapyrrole ring 
structure). As such it is capable of combining 
with a variety of metals and so forms part of 
the structure of many important biological 
molecules, including haemoproteins, chloro¬ 
phyll, cytochromes, and vitamin B 12 . 
porphyritic See phenocryst. 
porphyroblast (metacryst) A large, well- 
formed ("euhedral) crystal which grew in situ 
during metamorphic "recrystallization and 
which is surrounded by a finer-grained 
"groundmass of other metamorphic crystals, 
porphyrodast A large, intact, "mineral 
fragment or "clast which is surrounded by 
a finer-grained, crushed "groundmass pro¬ 
duced during "dynamic metamorphism. The 
porphyrodast represents a relict of the origi¬ 
nal rock which has escaped crushing during 
the deformation process, 
porphyry Amedium- to coarse-grained, "in¬ 
trusive, "felsic, "igneous rock which is con¬ 
spicuously "porphyritic, containing more 
than 25% "phenocrysts by volume. The phe¬ 
nocryst "mineral is usually "alkali feldspar. 
The term can be used as a suffix to a specific 
name, e.g. "quartz porphyry, 
porphyry copper See porphyry deposit (1). 
porphyry deposit 1 . Porphyry copper oc¬ 
curs as large copper deposits centred around 
"stocks of "intermediate to "acid, "por¬ 
phyritic, "igneous rocks. Most occur in "Meso¬ 
zoic and "Tertiary "orogenic belts. They show 
concentric zones of "minerals; for example at 
Bingham, Utah, there is an inner zone of 
Cu/Mo and an outer zone of Pb/Zn/Ag. The de¬ 
posits are also characterized by extensive "al¬ 
teration halos. Most deposits are 3-8 km 
across and several kilometres deep. They con¬ 
sist of disseminated "chalcopyrite and other 
"sulphides mined on a large scale from "open 
pits. The "ore is low grade (less than 1% Cu) 


but of great economic importance. It was 
probably formed by a sudden release of 
"volatiles near the surface, with shattering of 
the enclosing rocks. 

2 . A deposit of molybdenum-bearing ore, usu¬ 
ally "molybdenite, associated with rocks of 
porphyritic texture, and containing minor 
amounts of copper. It is Ibrmed in a similar 
manner to porphyry copper deposits, but the 
ore bodies are frequently shaped like inverted 
cups over the progenitor intrusive, e.g. those 
in the mineral belt of the USA. 

3 . A gold-enriched porphyry copper deposit 
frequently associated with "island-arc envi¬ 
ronments. At the present time no true por¬ 
phyry gold deposits are known, only those 
with "co-product gold and copper, 
porphyry gold See porphyry deposit. 
porphyry molybdenum See porphyry de- 

Portia (Uranus XII) One of the lesser satel¬ 
lites of "Uranus, with a diameter of 55km. 
It was discovered in 1986. 

Portlandian The youngest "stage (142- 
145.5Maago) of the "Jurassic in Britain, over- 
lain by "sediments of the "Purbecldan Stage 
and resting in turn on those of the "Kim- 
meridgian. It is characterized in southern 
England by "mollusc-rich "limestones. See 
also maim; tithonian; and volgian. 
positive inversion See inversion. 
post- From the Latin post meaning ‘after’, a 
prefix meaning ‘after’, ‘behind’, or ‘later’, 
post-depositional remanent magnet¬ 

ization The magnetization acquired by a 
sedimentary rock after deposition and before 
undergoing "metamorphism, mostly associ¬ 
ated with "chemical remanent magnetiza¬ 
tion as "ferromagnetic minerals grow during 
diagenetic alteration (see diagenesis), but it 
also results from the physical rotation of 
magnetic grains associated with the move¬ 
ment of fluids and gases through the rock, 
post-deuteric alteration Changes to the 
"fabric or composition of an "igneous rock 
after the completion of "deuteric changes at 
elevated temperatures, 
postdisplacement In animal "evolution, 
an alteration in the "ontogeny of a descen¬ 
dant such that some developmental process 
commences later than it did in its ancestor, 
and may not have been completed by the time 
the animal reaches maturity. 
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posterior (biological) In animals, applied to 
the part of the body that is to the rear when 
the animal is moving forward; in bipedal ani¬ 
mals the ‘dorsal surface is the posterior sur¬ 
face. In plants, that part of the flower or 
axillary bud that faces towards the flower 

post-glacial See flandrian; and hoiocene. 
post-perovskite A form of the magnesium 
‘silicate mineral MgSi0 3 that is identical in 
composition to its more common ‘perovskite 
(a group of minerals based on CaTi0 3 ) form, 
but much denser. In perovskite, the atoms 
form a three-dimensional bonding structure, 
and in post-perovskite they form stacks of 
two-dimensional sheets. The existence of post- 
perovskite was discovered in 2004 when a 
group at the Tokyo Institute of Technology led 
by Kei Hirose reproduced the high tempera¬ 
ture and pressure found in the lowermost 
‘mantle, in the *D-layer close to the bound¬ 
ary between the mantle and outer ‘core. Post- 
perovskite was the predominant mineral 
present and its density accounts for the previ¬ 
ously mysterious changes in speed of‘seismic 
waves passing through this region, 
post-tectonic Applied to a process or event, 
e.g. the emplacement of ‘plutons, which 
occurs after deformation. Compare pre- 
tectonic; and syntectonic. 
postzygapophyses See vertebra. 
potassium-argon dating (K-Ar method) 
Geologic dating technique based on the ‘ra¬ 
dioactive decay of potassium ("K) to argon 
(■“Ar). This potassium ‘isotope has a half-life 
(see decay constant) of 1.3 billion (10 s ) years, 
making this a valuable dating method. The 
minimum age limit for this dating method is 
about 250 000 years. 

potassium-calcium dating A ‘radiomet¬ 
ric dating method based on the decay of 40 K to 
stable 40 Ca. This is not a generally useful tech¬ 
nique because 40 Ca is the most abundant 
naturally occurring stable ‘isotope of cal¬ 
cium (96.94%). The formation of radiogenic 
40 Ca atoms in a rock or mineral therefore 
increases its abundance only slightly. The 
ratio 40 Ca : 44 C3 (96.94%: 2.08%) can be used 
to determine the amount of radiogenic 40 Ca 
present, although the dominance of natu¬ 
rally occurring 4 "Ca makes it rather insensi¬ 
tive. Furthermore the determination of the 
isotopic composition of calcium by ‘mass 


spectrometry is made difficult by the low 
efficiency of ionization of calcium atoms in a 
thermionic source, and by fractionation of 
isotopes during that process. Because of these 
disadvantages the “K: “Ca method of dating 
is really only viable for minerals that are 
strongly enriched in potassium and depleted 
in calcium, such as ‘micas in ‘pegmatite and 
‘sylvite in ‘evaporite rocks, 
potassium feldspar See alkali feldspar. 
potential electrode An electrode used as 
a ground contact in a voltage-measuring 
circuit. In ‘electrical-resistivity and ‘induced- 
polarization surveying, two potential elec¬ 
trodes are used, with a variety of possible 
‘electrode configurations; in ‘spontaneous 
potential measurements *non-polarizable (e.g. 
porous pot) electrodes are commonly used, 
potential energy See elevation potential 
energy; and hydraulic head. 
potential evapotranspiration (PE) The 
amount of water that would evaporate from 
the surface and be transpired by plants were 
the supply of water unlimited. It is calculated 
from the mean monthly temperature, with 
corrections for day length, and was devised 
by C. W. ‘Thornthwaite as part of his system 
of ‘climate classification (see thornthwaite 
climate classification). From PE minus pre¬ 
cipitation an approximate index can be cal¬ 
culated of the extent to which the water 
available for plants falls short of the amount 
they are capable of transpiring. Compare 
ACTUAL EVAPOTRANSPIRATION. 
potential instability (convective insta¬ 
bility) Atmospheric condition in which oth¬ 
erwise stable air would become unstable if 
forced to rise, e.g. over high ground, thereby 
reaching its saturation point. Large ‘cumu¬ 
lus with much precipitation often results 
from the forced uplifting of such air. See also 
instability; and stability. 
potential reserve See reserve. 
potential temperature 1. The tempera¬ 
ture that ‘mantle material would have were 
it raised to a specified depth where it was 
subjected to lower pressure. Decompression 
lowers the temperature and the potential 
temperature determines the depth at which 
melting will occur. 2 . The temperature a vol¬ 
ume of water would have if it were raised to 
a specified level, usually the ocean surface. 
3 . The temperature a ‘parcel of air would 
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have if it were brought to the surface, warm¬ 
ing at the ‘dry adiabatic lapse rate, 
potentiometric surface (piezometric 

surface) A hypothetical surface defined by the 
level to which water in a confined ‘aquifer 
rises in observation ‘boreholes. In practice, 
the potentiometric surface is mapped by in¬ 
terpolation between borehole measurements. 
As with the ‘water-table in an unconfined 
aquifer, the slope of the potentiometric sur¬ 
face defines the ‘hydraulic gradient and the 
horizontal direction of ‘groundwater flow. 
See HYDRAULIC HEAD. 

pot-hole An approximately hemispherical 
depression made in the bedrock of a river 
channel by stones or boulders that have been 
spun rapidly by eddies. Each stone is washed 
away only to be soon replaced by another, so 
the drilling action is powerful and ceaseless. 
Potsdam gravity The value of ‘gravita¬ 
tional acceleration as measured at Potsdam, 
eastern Germany, and previously used as a 
world-wide standard. It is now replaced by 
the ‘International Gravity Formula. 
Potter's flood-peak formula See flood- 


Poundian A ‘stage of the ‘Ediacaran 
Epoch, dated at about 570-542 Ma (Int. Com¬ 
mission on Stratigraphy, 2004). 

powder photograph See x-ray powder 

powder technology The study of the 
properties, behaviour, and uses of finely par¬ 
ticulate materials, 
powellite See tungstates. 
power-law creep ‘Creep resulting from 
the movement of ‘crystal dislocations into 
systematic patterns, usually polygonal, 
wi t hin a stress field. 

p-parameter A measure of the prolateness 
of an ellipsoid: if p is less than 0.9 the 
ellipsoid is oblate, if p is greater than 1.1 it 
is prolate. 

p.p.b. Parts per billion (10 9 ). 

PPL See PLANE-POLARIZED LIGHT, 
p.p.m. Parts per million. 

PPR See PHOTOPOLARIMETER-RADIOMETER. 
p-process See proton-adding process. 


praecipitatio From the Latin praecipitatio 
meaning ‘I fall’, a supplementary cloud fea¬ 
ture in which precipitation from the cloud 
base falls to the ground. The feature is usually 
seen with ‘cumulus, ‘cumulonimbus, ‘stra¬ 
tus, ‘stratocumulus, ‘altostratus, and *nim- 
bostratus. See also cloud classification. 
praedichnia ‘Trace fossils comprising 
structures that have resulted from predation. 
Praghian(Siegennian)A* stage of the Early 
‘Devonian Period, dated at 411.2-407 Ma, 
preceded by the Lochlcovian and followed by 
the ‘Emsian (Int. Commission on Stratigra¬ 
phy, 2004). 

Pratt, John Henry (71811-1871) Pratt was a 
mathematician and physicist, and Archdea¬ 
con of Calcutta. He attempted to calculate the 
mass of the Himalayas, after discrepancies 
were found in the Trigonometrical Survey of 
India. He proposed that high mountains had 
a lower density than other parts of the ‘crust, 
and went on to develop his own version of the 
theory of ‘isostasy. See pratt model. 

Pratt model A model for the ‘lithosphere 
that accounts for ‘isostatic anomalies by 
assuming there is a level of compensation 
that lies at a constant depth everywhere. 
Below the level of compensation all rocks 
have the same density, but above it den¬ 
sity decreases as topographic elevation in¬ 
creases. For a column of material anywhere 
on Earth, the mass lying above the level of 
compensation will he the same, and p c h a con¬ 
stant, where p c is the density of the crust and 
h the topographic elevation. If the rocks are 
on the sea bed, then p c h + p w d is a constant, 
where p w is the density and A the depth, of sea 
water. See also airy model. 



Pratt model 


pre- From the Latin prae meaning ‘before’, a 
prefix meaning ‘in front of, ‘earlier than’, 
‘more important than’, or ‘better than’. 
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pre-adaptation Adaptation evolved in one 
adaptive zone which, quite by chance, proves 
especially advantageous in an adjacent zone 
and so allows the organism to radiate into it. No 
selection for a future environment is implied. 
Preboreal The first ‘Flandrian (*Holocene, 
or ‘post-glacial) ‘stage, a time of rapid forest 
spread, from about 10 300-9 600 BP. ‘Prebo- 
real’ refers to climatic conditions and in vege- 
tational terms is equivalent to Pollen Zone IV 
(see pollen zone) of the standard British and 
European post-glacial pollen chronology. 
Precambrian A name now used only infor¬ 
mally to describe the ‘Hadean, ‘Archaean, 
and ‘Proterozoic, which together comprise 
the longest period of geologic time that began 
with the consolidation of the Earth's crust 
and ended approximately 4000 million years 
later with the beginning of the ‘Cambrian 
Period around 542 Ma ago. The rocks of this 
period of geologic time are usually altered 
and few ‘fossils with hard parts or skeletons 
have been found within them. Precambrian 
rocks outcrop extensively in shield areas such 
as northern Canada and the Baltic Sea. 
precession The action of a couple whose 
axis is perpendicular to the rotational axis (a 
torque) on a rotating body causing its * axis of 
rotation to trace out a path about an average 
position, instead of having a constant align¬ 
ment, i.e. the axis of rotation itself revolves 
conically about a central point. The Earth’s 
axis of rotation precesses as a result of several 
forces, e.g. changes in mass distribution on its 
surface, changes in the gravitational field 
due to changes in the relative positions of the 
Moon, Sun, and planets, etc. 
precession of the equinoxes See mi- 

precipitable water The quantity of rainfall 
that would result from condensation and pre¬ 
cipitation of the total moisture in a column of 
air in the atmosphere. Most atmospheric mois¬ 
ture is contained in the lower atmosphere, 
below about 5 500m. On average, an atmos¬ 
pheric column of 1 m 2 cross-section contains 
vapour equivalent to 5-25mm depth of rain¬ 
fall. The average ‘residence time of moisture 
in the atmosphere is about nine days, 
precipitation 1. In meteorology, all the 
forms in which water (H 2 0) falls to the ground 
as rain, sleet, snow, hail, drizzle, or other more 
specialized forms, and also the amounts mea¬ 
sured. Sometimes precipitation seen falling 
from clouds evaporates before reaching the 


ground. The term also includes dew, frost, 
clear ice, fog, and other forms in which atmos¬ 
pheric moisture is precipitated as water but 
without falling from clouds. 2 . The process of 
depositing dust or other substances (pollu¬ 
tion) from the air. 3 . The deposition of solid 
particles out of a supersaturated solution, 
precipitation-efficiency index Devised 
in 1931 by C. W. ‘Thornthwaite, an index 
based on the ratio of mean monthly rainfall 
and temperature values to evaporation rates. 
Summation ofmonthly values gives an annual 
precipitation-efficiency index (P-E), which is 
used to define major climatic regions. See also 
THORNTHWAITE CLIMATE CLASSIFICATION. 

precision See errors. 

predator An organism that obtains its food 
by consuming and usually killing another or¬ 
ganism (the prey). 

predisplacement An alteration in the ‘on¬ 
togeny of a descendant such that some devel¬ 
opmental process begins earlier than in its 
ancestor, and so has progressed further by 
the time maturity is reached, 
pre-ferns A group of plants transitional be¬ 
tween the ‘Psilophytales and the true ferns, 
having some fern and some psilophyte char¬ 
acters. They had leaves and reproduced by 
‘spores, but had a variety of growth forms. 
The orders usually included in the group are 
the Protopteridales and Coenopteridales. 
preferred orientation The alignment 
of inequidimensional ‘mineral grains in 
a rock to define a two-dimensional, planar 
‘fabric or a three-dimensional, linear fabric. 
Alignment may be caused by deformation ac¬ 
companying ‘metamorphism, flow of crys¬ 
tal-laden ‘magma, settling of ‘crystals in a 
magma, or settling of flaky minerals in water. 
pre-Hadean The earliest ‘era of the 
‘Priscoan, covering the formation of the 
Earth and ending around 4550Ma (Harland 
et al„ 1989). The name is no longer used, 
prehnite A hydrated ‘silicate and member of 
the ‘phyllosilicates (sheet silicates) with com¬ 
position CajAipijAlOJOHj; sp. gr. 2.9; ‘hard¬ 
ness 6.0; colourless, white, or green; ‘tabular or 
in granular ‘aggregates; has alayered structure 
similar to the ‘micas; occurs in association 
with the ‘zeolites infilling cavities in ‘basic ‘ig¬ 
neous rocks and in contact metamorphosed (see 
thermal metamorphism) ‘limestones. See also 

PREHNITE - PUMPELLYITE FACIES. 
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at right angles to the flow direction. It may 
have been pushed up by the dragging effect of 
mobile lava below a cooling surface, al¬ 
though collapse may contribute to its de¬ 
tached form. 

pressure shadow The area in a ‘regional 
metamorphic rock which is protected 
from deformation by the presence of a rela¬ 
tively rigid ‘porphyroblast or ‘porphyro- 
clast. Randomly orientated ‘quartz and/or 
‘chlorite concentrates in triangular regions 
next to the faces of the porphyroblast or por- 
phyroclast which are themselves orientated 
perpendicular to the ‘schistosity of the sur¬ 
rounding, deformed, metamorphic ‘fabric. 
During ‘metamorphism and deformation 
quartz and chlorite are dissolved from the re¬ 
gion of high pressure, where the matrix is 
squeezed against the hard, unyielding por¬ 
phyroblast or porphyroclast, and are re¬ 
deposited in the no-stress shadow region on 
either side of the porphyroblast where the 
deformed fabric wraps around the crystal, so 
forming the pressure shadow, 
pressure solution (pressure dissolution) 
The process that occurs preferentially at the 
contact surface of‘grains or ‘crystals as a re¬ 
sult of an excess of external pressure relative 
to the hydraulic pressure of pore fluids. Mate¬ 
rial in these zones is dissolved and removed, 
resulting in an increase in ‘compaction and 
a decrease in ‘porosity, 
pressure-tube anemometer See anem¬ 
ometer. 

pressure wave See p-wave. 
pressure welding The suturing together 
of ‘grains in a ‘sedimentary rock as the re¬ 
sult of pressure dissolution (see pressure so¬ 
lution) taking place along the grain contact. 
The sutured margin appears as an irregular 
plane. Pressure welding of grains is particu¬ 
larly common when a ‘mineral ‘cement has 
developed at a late stage, after deep burial of 
the ‘sediment, as this results in the main 
* overburden being supported by the grain-to- 
grain contacts of the sediment, 
pre-tectonic Applied to a process or event 
which occurs before deformation. Compare 
post-tectonic; and syntectonic. 
prevailing wind In a particular locality, the 
wind direction that is most frequent over time. 
For most areas the prevailing wind varies, 
sometimes quite markedly, according to sea¬ 


son. It may also change, or have changed, 
when the climate changes (as in ice ages), 
prey See predator. 
prezygapophyses See vertebra. 
Priabonian 1. The final‘age in the ‘Eocene 
Epoch, preceded by the ‘Bartonian, followed 
by the ‘Rupelian (Stampian), and dated at 
37.2-33.9 Ma (Int. Commission on Stratigra¬ 
phy, 2004). 2 . The name of the correspond¬ 
ing European ‘stage, which is roughly 
contemporaneous with the ‘Refugian (N. 
America), ‘Runangan (New Zealand), and 
part of the ‘Aldingan (Australia). 

Priapulida Phylum comprising the priapus 
worms, known from ‘Cambrian times (e.g. 
Ottoia from the ‘Burgess Shale, Canada), and 
ranging up to the present. 

Pridoli A ‘series (418.7-416 Ma) of the Upper 
‘Silurian, underlain by the ‘Ludlow, 
primary creep (transient creep) The initial 
stage of‘creep, characterized by viscoelastic 
‘strain, in a material subjected to long-term, 
low-level ‘stress. 

primary crushing See crushing. 
primary geochemical differentiation 

A theory explaining the formation of 
the Earth’s ‘core, ‘mantle, and ‘crust, in 
which the formation of the nickel-iron core 
may have been accompanied by partitioning 
of the elements. It postulates that some of the 
elements were reduced, alloyed with iron, and 
concentrated in the core, while the remainder 
formed the mantle and primitive crust, 
primary geochemical dispersion The 
movement of elements below the Earth’s sur¬ 
face by metamorphic, magmatic, or hydrother¬ 
mal processes (see metamorphism; magmatic 

ity), resulting in the formation of‘igneous and 

‘metamorphic rocks. 

primary magma See primary melt. 

primary melt (primary magma) A liquid 
that forms in the ‘mantle as a result of‘par¬ 
tial melting. 

primary migration First stage in the up¬ 
ward migration of ‘hydrocarbons within 
and then out of the ‘source rock, 
primary mineral A *mineral which has crys¬ 
tallized from a ‘magma. ‘Essential primary 
minerals are those primary minerals whose 
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Progymnospermopsida 



Pro-delta 


recharge an * aquifer, or to act as injection 
wells to push oil towards the production well. 
Productus giganteus (Gigantoproductus 
giganteus ) A huge brachiopod (*Bra- 
chiopoda) which attained a width of approxi¬ 
mately 370 mm. It lived in the warm seas of 
the Lower *Carboniferous (*Mississippian), 
adopting a clam-like habit. 

Proetida An order of ‘Trilobita that lived 
from the ‘Ordovician to ‘Permian. The 
glabella ( see cephalon) was large and clearly 
defined, often with ‘genal spines, the thorax 
had 8-10 segments, and the ‘pygidium had 
furrows and was not spiny. The order con¬ 
tained two superfamilies, 
profiling 1 . A method in which an ‘array is 
moved progressively along a traverse line to ob¬ 
tain a continuous cover of measurements 
of the subsurface and so produce a profile. 
See CONSTANT-SEPARATION TRAVERSING. 

2 . In reflection seismology, the acquisition of 
data along a fine, which then form a seismic 
section (see seismic record). See common 

Proganochelys quenstedii (Triassochelys 

quenstedii) The oldest known turtle, first de¬ 
scribed in 1887 from the ‘Triassic Stubensand- 
stein of Wurttemburg, Germany, It possessed 
teeth, and stout ribs on the neck vertebrae, 
progenesis The onset of sexual maturity at 
a younger and smaller stage in development 
than is usual. 

proglacial Applied to the area between a 
‘glacier and adjacent high ground. A 
proglacial lake is a body of water impounded 
in such an area and is often inferred for areas 
of ‘Pleistocene glaciation from the evidence 
of strandlines, lake sediments, and ‘overflow 
channels. 


progradation The outward building of a 
sedimentary deposit, such as the seaward ad¬ 
vance of a ‘delta or shoreline, or the out¬ 
building of an ‘alluvial fan. 
prograde metamorphism (progressive 
metamorphism) The ‘recrystallization of a 
rock in response to an increase in the inten¬ 
sity of ‘metamorphism as this is reflected by 
an increase of pressure, temperature, and/or 
P(H 2 0). Compare retrograde metamorphism. 
progressive deformation The accumula¬ 
tion over time of incremental ‘strain elements 
within a body as a response to ‘stress. The ac¬ 
cumulated distortions and rotations within 
the body add up to a final (‘finite) strain state, 
progressive evolution Steady, long-term 
improvement of evolutionary grade, which 
has allowed plants and animals to become 
ever more independent of the aquatic envi¬ 
ronment in which they first evolved. For 
example, the sequence ‘bryophyte to ‘pteri- 
dophyte to ‘gymnosperm to ‘angiosperm 
represents a progressive evolutionary trend, 
progressive metamorphism See pro- 

progressive wave A wave that is typified 
by the progressive forward motion of the 
wave-form. The speed of propagation of the 
wave-form depends largely on the depth of 
the water. See also celerity. 
Progymnospermopsida (progymno- 
s perms) The ancestors of the ‘gymnosperms, 
which arose in the ‘Devonian and dwindled 
to extinction in the latter part of the ‘Car¬ 
boniferous. They had trunks with wood 
resembling that of gymnosperms, but their 
fertile branches or leaves bore sporangia (see 
spore), and their foliage was often fern like. 
Probably seeds evolved in various different 
progymnosperms. See archaeopteris. 
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progymnosperms See progymnosperm- 

prokaryote An organism, usually unicellu¬ 
lar, in which the cells lack a true nucleus, the 
DNA being present as a loop in the cytoplasm. 
Other prokaryotic features include the lack of 
chloroplasts and mitochondria and the posses¬ 
sion of small ribosomes. Compare eukaryote. 
prokaryotic See prokaryote. 
prolate Applied to *clasts which are rod¬ 
shaped, and defined as having a ratio of short 
to intermediate diameters of more than 2:3, 
and a ratio of intermediate to long diameters 
oflessthan2:3. 

prolate uniaxial strain The ‘strain state 
which occurs when a reference sphere is ex¬ 
tended along its X axis and shortened in all 
other directions perpendicular to X. The re¬ 
sultant strain shape is a prolate ellipsoid, 
proloculus The initial chamber of a 
foraminiferid (*Foraminiferida) *test. 
Prometheus (Saturn XVI) One of the lesser 
satellites of ‘Saturn, discovered in 1980 by 
‘Voyager 1, with a radius measuring 74 X 50 
X 34 km; mass 0.0014 X 10 2 ° kg; mean density 
270kg/m 3 ; visual albedo 0.6. 
promontorium On ‘Mars, a cape, e.g. Prom. 
Deville, Prom. Kelvin. 

proparian Applied to a trilobite (‘Trilobita) 
‘cephalic suture that runs around the front 
of the glabella (see cephaion), terminating in 
front of the ‘genal angle, 
proper motion The apparent movement of 
a star relative to the other ‘fixed’ stars, at 
right angles to the observer’s line of sight. For 
example, Barnard’s star moves 10 seconds of 
arc per year; this is the largest proper motion 
recorded. There is no absolute frame of refer¬ 
ence, and the positions of stars in the familiar 
constellations change significantly within a 
few thousand years. 

propylitization The process whereby origi¬ 
nal ‘plagioclase in an ‘igneous rock is altered 
to an *epidote-*sericite-secondary ‘albite 
assemblage and original ‘ferromagnesian min¬ 
erals are altered to a *chlorite-*calcite- 
epidote-secondary iron-ore assemblage, 
proseptum (pi. prosepta) See septum. 
prosobranch gastropods Single-gilled 
gastropods (‘Gastropoda), thought to repre¬ 


sent the first stage in the evolutionary devel¬ 
opment of the group from the ancestral 
forms, the ‘Archaeogastropoda. 
prosogyral See prosogyrate. 
prosogyrate (prosogyral) Applied to the 
umbones (see umbo) of the ‘Bivalvia, where 
the beaks are curved so as to point in an ante¬ 
rior direction. 

prosoma See arachnida; and chelicerata. 
protalus rampart Ridge of rock debris less 
than 10 m high and found near the base of a 
steep inland face. It consists of frost-shattered 
debris that has been carried some distance 
from the face down the steep surface of a 
basal snow bank. 

protaspis The earliest stage recognized in 
larval trilobite (‘Trilobita) development. The 
larva is small, often spiny, and grows through 
successive moult stages. Initially it is a small 
disc but size and segmentation increase with 
each successive moult. 

Proterosuchus Well-known representa¬ 
tive of the ‘Thecodontia, the ancestral ar- 
chosaurian (‘Archosauria) stock. According 
to some authorities, Proterosuchus was the first 
crocodile. It lived in N. America during the 

Proterozoic The most recent (about 
2 500-542 Ma ago) of the three subdivisions 
of the former ‘Precambrian. It is now classed 
as an eon following the ‘Archaean and pre¬ 
ceding the ‘Phanerozoic eons. 

Proteus (Neptune VIII) A satellite of ‘Nep¬ 
tune, measuring 436 X 416 X 402 km; visual 
albedo 0.06. 

protist A single-celled, eukaryotic organism 
(see eukaryote) that may resemble an animal 
or a plant. Animal-like protists include naked 
and shelled amoebas, foraminiferans, zoo- 
flagellates, and ciliates; plant-like protists 
include dinoflagellates, diatoms, and algae. In 
a fivekingdom system of classification protists 
were grouped as a kingdom. Protista; later 
some multicellular organisms with protist 
affinities but previously classed as fungi or 
plants were transferred into the Protista and 
the name of the kingdom was changed to *Pro- 
toctista, although the new name is little used. 
Protista See protist. 

proto- From the Greek protos meaning ‘first’, 
a prefix meaning ‘original’ or ‘primitive’. 
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proto-Atlantic See iapetus ocean. 
Protoaulopora ramosa Small, colonial 
coral belonging to the subclass ‘Tabulata, 
found in the Upper ‘Cambrian rocks in Kaza¬ 
khstan. With Bija stbirica (a doubtful ‘stony 
coral) it marks the appearance of an impor¬ 
tant group of‘reef-forming organisms. 
Protoceratops andrewsi The first of the 
horned (‘ceratopsian) ‘dinosaurs, known 
from the Middle ‘Cretaceous of Mongolia. It 
possessed the bony frill and beak characteris¬ 
tic of later forms, but was only 2m in length 
and 1.51 in weight. 

protoconch The initial (larval) shell of mol¬ 
luscs (‘Mollusca), often retained at the tip of 
the ‘spire of the adult shell. 

Protoctista In the five-kingdom classifica¬ 
tion of biological organisms, a kingdom 
within the superkingdom Eukarya and in the 
three-domain classification a kingdom in the 
‘domain Eukarya. Protoctists are aquatic ‘eu¬ 
karyotes, but they are not plants, animals, 
nor fungi. The kingdom includes naked 
and shelled amoebae, the ‘Foraminiferida, 
zooflagellates, ciliates, ‘Dinophyceae, ‘Bacil- 
lariophyceae, all algae (see aiga), ‘protozoa, 
slimemoulds, and slime nets, 
proton-adding process (p-process) 
Nuclear process in red giant stars at very high 
temperatures, producing proton-rich, heav¬ 
ier elements. See also nucleosynthesis. 
proton magnetometer Aformof*nuclear- 
precession magnetometer that is based on the 
‘precession of protons in water or alcohol, 
protoparian suture See cephalic suture. 
protoplanet An individual condensation, 
representing a very small proportion of the 
total cloud mass but of similar composition, 
that occurs during the condensation of an in¬ 
terstellar cloud, from which stars and planets 
are assumed to have originated. See proto- 

Protopteridales See pre-ferns. 
protore Rock containing sub-economic ma¬ 
terial from which economic ‘mineral de¬ 
posits may form by geologic concentration 
processes such as ‘supergene enrichment. A 
protore may become profitable with techno¬ 
logical advance or change in market value, 
protostar Primitive star formed from the 
break-up of ‘interstellar clouds. After a frag¬ 


ment becomes detached, it continues to 
shrink under the influence of its own gravita¬ 
tion, drawing in more gas and dust and 
increasing in temperature and pressure. 
Eventually, the outward pressure associated 
with the rising temperature balances the in¬ 
ward pressure due to gravitation and collapse 
ceases, perhaps 10 000 years after separation 
from the cloud. At this stage, the fragment is 
called a protostar. When internal tempera¬ 
ture exceeds 10 7 K ‘hydrogen ‘burning’ be¬ 
gins, marking the transition to a star, 
protozoa (sing, protozoon; adj. protozoan) 
Formerly an animal phylum (Protozoa) of‘eu¬ 
karyotic, single<elled micro-organisms. Pro¬ 
tozoa are now included in the kingdom 
‘Protoctista. 

protrusive Applied to the downward exten¬ 
sion into ‘sediment of a vertical or oblique 
‘burrow, frequently reflected in the develop¬ 
ment of ‘spreiten distal to the point of entry. 
In U-shaped burrows the spreiten occur inside 
the bend of the ‘tube’. Protrusive spreiten are 
found in *Diplocraterion and *Khizocorallium. 
proved reserve See reserve. 
provenance The source or origin of ‘detri- 
tal ‘sediments. 

province 1. Region or area of large extent 
with similar features throughout and cap¬ 
able of being considered as a unit. 2 . In 
geography, an area of land or sea in one cli¬ 
matic belt. 

provinciality The association of species 
within well-defined biogeographic areas or 
provinces. Each province contains a distinct 
assemblage of species, some of which are en¬ 
demic (i.e. confined to that area only). See en¬ 
demism. 

proximal Applied to a ‘sediment or sedi¬ 
mentary environment close to the source or 
origin of the deposit. Compare distal. 
proximity log The record produced by one 
version of the ‘microlog sonde, 
proxy See ionic substitution. 
psammite A metamorphosed ‘sandstone, 
‘arkose, or ‘quartzite, extremely rich in the 
‘mineral ‘quartz. 

PSC See polar stratospheric cloud. 
psephite A general term used to describe 
coarse-grained, ‘detrital, ‘sedimentary rock. 



pseudobreccia 
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e.g. ‘gravels, ‘conglomerates, or ‘breccias. 
G. W. Tyrell (1921) suggested the term be re¬ 
stricted to metamorphosed conglomerates 
and breccias, a suggestion followed by many 
authors describing ‘metamorphic rocks, 
pseudobreccia An irregularly ‘recrystal¬ 
lized or partially ‘dolomitized ‘limestone, 
in which the selective growth of coarse crys¬ 
tals gives the rock an apparently fragmented 
‘texture. 

pseudoextinction Within an ‘evolution¬ 
ary lineage, the disappearance of one taxon 
caused by the appearance of the next 
‘chronospecies in the series. The extinction 
is purely taxonomic. 

pseudofossil A naturally occurring object 
that may resemble a ‘fossil. If there is uncer¬ 
tainty the obj ect may be referred to the * Prob¬ 
lematical it is called a pseudofossil when the 
resemblance results purely from chance, 
pseudo-gravitational field A gravita¬ 
tional field that is transformed to simulate a 
magnetic field for the purpose of computa¬ 
tional analysis. 

pseudo-magnetic field A magnetic field 
that is transformed to simulate ‘gravita¬ 
tional acceleration for the purpose of compu¬ 
tational analysis. 

pseudomorph A ‘secondary mineral or a 
random aggregate of secondary minerals 
(monomineralic or polymineralic) which have 
replaced an earlier mineral but have retained 
its shape. For example, a random aggregate of 
‘chlorite crystals which have replaced a *eu- 
hedral ‘augite crystal while preserving its 
shape is said to form a monomineralic pseudo¬ 
morph of augite. Other examples include 
‘quartz after ‘fluorite, ‘serpentine after 
‘olivine, and ‘limonite after ‘pyrite, where 
the original ‘cubic form is preserved. See also 
METASOMATISM. 

pseudonodule A ball-like body of ‘sand¬ 
stone, with an internal lamination that is con¬ 
voluted or upcurled at the edges, set in a bed 
of ‘mudstone. The sand ball is the result of 
the sinking of sand from the base of an overly¬ 
ing bed into the less dense, soft mud below, 
pseudopunctate See punctate. 
pseudosection (quasi-section) The plotting 
of data against position along a traverse line, to 
produce a display of ‘resistivity or ‘induced- 
polarization data in which values are given to 


the intersection point of 45° fines drawn from 
mid-points of the current and potential elec¬ 
trode pairs. Depths in the resulting ‘section’ 
below a transverse bear no simple relationship 
to the true geology; a pseudosection shows the 
variation of the measured parameter with po¬ 
sition and with effective depth of penetration, 
rather than with true depth. It is used widely 
in displaying ‘induced-polarization data 
and ‘apparent resistivities obtained from 
‘constant-separation traverses with different 
electrode separations, and apparent conduc¬ 
tivities from electromagnetic traverses with 
different coil separations, 
pseudospar See neomorphism. 
Pseudosycidium The first of the Charales, 
a distinct evolutionary line of green ‘algae 
which arose during the Upper ‘Silurian and 
whose method of reproduction was sexual. 
Well-developed male (antheridia) and female 
(oogonia) organs can be identified, the secre¬ 
tion of calcium carbonate around the female 
organs assisting preservation. See also charo- 
phyceae; and gyrogonite. 
pseudotachylite A rare, glassy rock pro¬ 
duced by frictional melting during extreme 
‘dynamic metamorphism in a ‘fault or 
‘thrust zone, or by meteoric impact, 
psilomelane A hydrated manganese oxide 
with the possible formula Ba 3 (Mn z+ Mn5+) 
0 16 (0H) 4 ; sp. gr. 3.7-4.7; ‘hardness 5-6; grey- 
black; ‘sub-metallic or ‘earthy ‘lustre; 
‘massive, ‘botryoidal; occurs as a precipitate 
in ‘secondary manganese deposits and may 
be worked commercially for manganese. 
Psilonichnus An ‘ichnoguild comprising a 
‘biofacies developed on the ‘backshore of 
former beaches. 

Psilophytales (psilophytes) Primitive 
‘pteridophytes, which were the earliest vas¬ 
cular plants, from the ‘Silurian and the ‘De¬ 
vonian. They had slender, tapering, leafless or 
scale-bearing stems up to 50 cm high, often 
with cone-shaped sporangia (see spore) at the 
top. Some authorities placed the fossil groups 
with the present-day psilophytes (Psilotum, 
Tmesiptens) in the class Psilopsida, comprising 
the orders Psilotales (living forms) and Psilo¬ 
phytales (fossil forms). In more recent 
classifications the members of the Psilophy¬ 
tales have been placed into three separate 
groups, usually ranked as subdivisions: 
Rhyniophytina (e.g. *Cooksonia and *Rhynia)[ 
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layers are enclosed in a ‘matrix of low com¬ 
petence. Typically, ptygmatic folds do not 
maintain their ‘orthogonal thickness (i.e. 
they are ‘similar folds). Characteristically 
their ‘axial planes are curved. 

Puaroan See oteke. 

pubis In ‘tetrapods, the anterior, ventral 
part of the ‘pelvic girdle. In ‘ornithischian 
‘dinosaurs the pubis lies alongside the ‘is¬ 
chium; in advanced ornithischians there is 
also a forward prong, the prepubis. In 
‘saurischian dinosaurs the pubis points 
downwards and forwards from the hip socket. 
Puck (Uranus XV) One of the lesser satellites 
of ‘Uranus, with a diameter of 77 km. It was 
discovered in 1985. 
puddingstone See conglomerate. 
puddled soil (poached soil) Soil in which 
the structure has been destroyed by the phys¬ 
ical impact of rain drops, by tillage when wet, 
or by trampling by animals, 
pull-apart basin See strike-slip fault. 
pulsations, geomagnetic (micropulsa¬ 
tions) Small, almost sinusoidal fluctuations 
of the ‘geomagnetic field, usually with dura¬ 
tions of seconds to minutes, 
pulse length In radar terminology, the 
total length of an electromagnetic wave emis¬ 
sion which is equal to the product of the 
wavelength, frequency, and time duration of 
emission. 

pumice Extremely vesicular, frothy, natural 
‘glass, having a high (60-75%) ‘silica con¬ 
tent and low density. In some cases it will 
float on water. Usually, but not always, it is of 
‘pyroclastic origin. See also reticulite; and 

pump A device for moving liquids by adding 
to the pressure existing within them. For ex¬ 
ample, a centrifugal pump first increases the 
velocity of the fluid by the use of impellers; this 
velocity increase is then converted to an in¬ 
crease in pressure by the use of appropriately 
orientated guide vanes or the use of a volute 
casing. Other pump types include multist¬ 
age turbine pumps, jet pumps, positive- 
displacement pumps, and suction lifts, 
pumpellyite See prehnite-pumpellyite 

pumping test (aquifer test) Water may be 
pumped from one or more wells to determine 


the particular hydraulic characteristics of an 
‘aquifer or of individual wells. The effect of 
pumping at known rates is assessed by the use 
of ‘observation wells sunk at appropriate 
places to monitor the height of water in the 
aquifer or the wells of special interest, 
punctae See punctate (2). 
punctate 1 . Applied to any structure that is 
marked by pores or by very small, point-like 
depressions. 

2 . Applied to a type of brachiopod (*Bra- 
chiopoda) shell structure in which fine pores 
(punctae) extend from the inner to the outer 
surface. Three main shell types are recog¬ 
nized: impunctate, where the shell consists 
of an outer, lamellar layer of shell and an 
inner, fibrous layer; punctate (or endopunc- 
tate), in which the punctae extend through 
the shell and end beneath the organic perios- 
tracum; and pseudopunctate, in which solid 
rods of * calcite (taleolae) are contained in the 
fibrous layer. 

punctuated equilibrium The theory, first 
proposed in 1972 by Niles Eldredge and 
Stephen Jay Gould, that ‘evolution is charac¬ 
terized by geologically long periods of stabil¬ 
ity during which little speciation occurs, 
punctuated by short periods of rapid change, 
species undergoing most of their morpholog¬ 
ical changes shortly after breaking from their 
parent species. 

pupaeiform Literally, resembling the pupa 
of an insect, and applied to a gastropod (‘Gas¬ 
tropoda) shell where the shell is an elevated 
ovoid in which the later-formed ‘whorls have 
decreasing radii of curvature. 



Pupaeiform 


Purbeckian A ‘stage in the British Upper 
‘Jurassic and Lower ‘Cretaceous, underlain 
by the ‘Portlandian and overlain by rocks of 
the ‘Wealden Beds. The ‘type section is 
found in southern England and consists of 
sediments deposited under ‘intertidal to 
brackish freshwater conditions. See also 
tithonlan; and Ryazanian. 
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radiocarbon dating 


radiant flux density The power of ‘elec¬ 
tromagnetic radiation falling on or emanat¬ 
ing from a body, measured as watts per square 


which, due to perspective, appear to meet at the 
horizon. The effect is seen in ‘cumulus, *stra- 


Radiata The subkingdom of animals (king¬ 
dom Animalia) that includes the coelenterates 
(‘Coelenterata) and Placozoa (a phylum of 
flat, amoeboid animals 2-3 mm in size). Mem¬ 
bers of the Radiata possess ‘radial symmetry, 
radiating Acrystal form in minerals, where 
the crystals grow outwards from a central 
point, frequently diverging to give a concen¬ 
tric pattern of growth. 

radiation Any form of emitted wave phe¬ 
nomena, usually the ‘electromagnetic spec- 

radiation budget (energy budget) The 

difference between the amount of incoming 
solar radiation and the amount of outgoing 
terrestrial radiation. The balance is in deficit 
(i.e. more energy leaves the Earth’s surface 
than reaches it from the Sun) at night. Over¬ 
all, the highest positive net balance is found 
in low latitudes. 

radiation densimeter An instrument em¬ 
ployed to measure the intensity of radiation, 
radiation fog Condensation effect over land 
surfaces on clear nights with light breezes, due 
to surface radiation cooling. Favoured initial 
conditions are very humid air, with wet and 
cold surfaces, e.g. marshes. The fog forms when 
moist air crosses a cold land or sea surface, 
reducing the air temperature to below the 
‘dew-point. The fog, most common in winter, 
is generally cleared by the Sun’s warmth in the 
morning, but thick fog over wet surfaces in 
winter may persist much longer, particularly if 
an upper cloud layer screens the Sun. 
radiation inversion ‘Temperature inver¬ 
sion in the lower atmosphere due to radia¬ 
tion cooling of the ground at night. See also 

radiation night A night with clear skies, 
when terrestrial long-wave radiation cannot 
be partly returned to the surface by cloud. 
There is rapid cooling of the air close to the 
ground, particularly when there is little wind, 
giving low minimum surface temperatures, 
radiation tracks See fission-track dating. 
radiatus From the Latin radiatus meaning 
‘with rays’, a variety of cloud with parallel bands 


radiaxial Radially-axial, applied to ‘crystals, 
seen particularly in ‘calcite, which form a ra¬ 
diating crust of the ‘mineral within cavities, 
radioactive decay Process by which a ra¬ 
dioactive ‘parent’ element loses elementary 
particles from its nucleus and in doing so be¬ 
comes a stable ‘daughter’ element. The rate of 
decay is constant for a given element and is a 
very precise and accurate device for the mea¬ 
surement of geologic time. See also decay con- 


radioactive logging See density sondes; 



radioactive survey A survey to measure 
the natural radioactivity of a region, usually 
by means of a scintillometer, ‘spectrometer, 
or * Geiger counter. It may be a ground survey, 
or made from a low-flying aircraft, usually a 
helicopter. 

radioactive waste Any discarded sub¬ 
stance that is radioactive. Wastes are classified 
as high-, intermediate-, or low-level according 
to their level of radioactivity. Low-level waste 
includes clothing and materials which have 
been used when handlingradioactivesources, 
e.g. in hospitals. It can be safely buried in 
trenches 9 m deep beneath a covering of 2 m 
of clay; no alpha or beta radiation could 
penetrate the clay cover. Intermediate- and 
high-level wastes are mainly from the ‘fission 
process in nuclear power stations or from 
military waste. High-level waste is hot and 
intensely radioactive. It is stored, usually in 
ponds of water, for up to 50 years, during 
which time it cools and its short-lived 
isotopes decay until it can be classed as inter- 
mediate-level. It can then be incorporated in a 
borosilicate glass or synthetic rock (a ‘ synroc), 
sealed in a container which corrodes at a 
known rate, and stored in a secure surface or 
underground facility. After 500 to 1000 years 
the radioactivity will have decayed suffi¬ 
ciently for the waste to emit no more radiation 
than many naturally occurring rocks. 
radiocarbon dating ( 14 C dating) A dating 
method for organic material that is applic¬ 
able to about the last 70 000 years. It relies on 
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rays Bright streaks radiating from young 
lunar craters. They have no surface relief and 
darken with age, probably due to mixing 
with the ‘regolith and to exposure to radia¬ 
tion. They are most probably composed of 
fine rock powder and glass produced during 
the impact. The classic example is the spec¬ 
tacular rays emanating from the lunar 
crater Tycho (85 km diameter), conspicuous 
through binoculars at full Moon. Hundreds 
of rays radiate from the crater and some 
extend across the visible face of the Moon, 
reaction time 1 . In *geomorphology, the 
time taken for a ‘system to react to a sus¬ 
tained change in external conditions. Repre¬ 
sentative reaction times are difficult to 
define, because of variations both in the re¬ 
sistance of systems to change and in the mag¬ 
nitude of the external change. For example, a 
sand-bed river channel reacts more readily to 
change than does a rock-floored channel. See 
also RELAXATION TIME. 2 . See CORONA, 
reactivation surface A discontinuity cut¬ 
ting across a ‘foreset, generated by ‘erosion 
or changing flow strength before the resump¬ 
tion of the forward migration of the foreset. 
real-aperture radar A ‘radar system 
where the ‘azimuth resolution is deter¬ 
mined by the physical length of the antenna, 
‘wavelength, and ‘range. Compare synthetic- 
aperture radar. 

real component See in-phase component. 
realgar Minor sulphide ore for arsenic, 
As 2 S 2 , associated with ‘orpiment (As 2 S 3 ) to 
which realgar changes on exposure; sp. gr. 
3.6; ‘hardness 1.5-2.0 (can be cut with a 
knife); ‘monoclinic; red, varying to orange 
and yellow, transparent to translucent; 
orange-red ‘streak; resinous ‘lustre; crystals 
rare, short, striated, and ‘prismatic, also 
occurs granular, compact, or ‘massive; 
‘cleavage good ‘pinacoidal; also found at 
hot springs and in ‘limestones and 
‘dolomites; alters to yellow powder, 
realistic reaction A chemical reaction 
which, from criteria based on texture and 
changing ‘mineral assemblage, can be con¬ 
vincingly demonstrated to have occurred in a 
‘rock during ‘metamorphism, 
recapitulation of phylogeny Theory, 
due to E. Haeckel (1834-1919), asserting that 
‘ontogeny (the development of the individ¬ 
ual) recapitulates or reflects the ‘phylogeny 
(the evolutionary history of the group). The 


theory as such has been rejected as not of 
general applicability, von Baer’s ‘‘biogenetic 
law' being sufficient explanation for the 
observations on which it was based. However, 
either ‘hypermorphosis or retardation of 
sexual maturity can result in individual cases 
of recapitulation. 

Recent See holocene. 
recessional moraine See moraine. 
recharge 1 . The downward movement of 
water from the soil to the ‘water-table. 2 . The 
volume of water added to the total amount 
of ‘groundwater in storage in a given period 
oftime. 

recharge area 1 . The geographical area of 
an ‘aquifer in which there is a downward 
movement of water towards the ‘water-table. 
2 . The area that acts as a ‘catchment for any 
particular aquifer, 
reclined See stipe. 

reclined fold. As defined by M. J. Fleuty 
(1964), a dipping ‘neutral fold in which the 
‘axial plane ‘dips between 10° and 80° and 
the ‘pitch of the ‘hinge line on the axial 
plane is more than 80°. 
reconstructive transformation See 

POLYMORPHIC TRANSFORMATION. 

recovery factor 1 . Measure of extraction 
efficiency. 

2 . In mining, the percentage of metal derived 
from an ore, or ‘coal from a coal seam, etc. 

3 . In ‘petroleum geology, the percentage of 
the in situ oil that is recoverable. Between 20% 
and 40% is common for primary recovery 
techniques, but enhanced recovery by use of 
water injection, detergents to reduce viscos¬ 
ity, etc., may increase the recovery factor to 
75%. Recovery factors for ‘natural gas can be 
as high as 90%. 

recrystallization 1 . The growth of new 
‘mineral grains from pre-existing mineral 
grains by the solid-state ‘diffusion of ‘ions 
in response to a change in temperature, 
pressure, or composition of the rock system. 
2 . The changing of crystal ‘fabric or crystal 
size without an accompanying change in 
mineral chemistry. 3 . See fossilization. 
rectangular drainage See drainage 

PATTERN. 

rectilinear slope That part (or ‘segment’) of 
a hillslope profile that is straight. It is usually 
the steepest part of the profile. Its gradient 
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varies little in an area of uniform rock types, 
when it stands at the ‘characteristic angle’. 
More generally, it has been seen (by W. *Penck) 
as that hillslope profile that develops above a 
river that is down-cutting at a constant rate, 
rectimarginate Applied to a brachiopod 
(*Brachiopoda) shell where a planar *com- 

recumbent fold A *fold in which the ‘hinge 
line and ‘axial plane are horizontal or subhor¬ 
izontal. M. J. Fleuty (1964) suggests that the 
term recumbent fold be restricted to a fold 
whose axial plane does not ‘dip more than 10°. 
red algae See rhodophyceae. 
red-bed copper Conformable copper de¬ 
posits in ‘sandstones laid down under terres¬ 
trial conditions, usually red in colour. The 
sands are usually porous and copper miner¬ 
als, normally ‘chalcocite, develop in the 
pores. Such deposits are found in many parts 
of the world, e.g. in the ‘Permian of the Urals, 
and in the ‘Triassic of central England, Nova 
Scotia, and the south-western USA. 
red beds ‘Sedimentary rocks, generally 
‘sandstones, which are red due to their 
‘grains being coated with ‘hematite, 
red clay (brown clay) Brown or red, very fine¬ 
grained, deep-sea deposit composed of finely 
divided ‘clay material that is derived from 
the land, transported by winds and ocean cur¬ 
rents, and deposited far from land in the deep¬ 
est parts of the ocean basin, especially in 
mid-latitudes. Red-clay deposits cover about a 
quarter of the ‘Atlantic and ‘Indian ocean 
floors and almost half the ‘Pacific ocean floor. 

red copper ore See cuprite. 
red edge In ‘remote sensing, the sharp in¬ 
crease in spectral reflectance of wave¬ 
lengths in the red and very-*near infrared 
(700-750 nm) part of the spectrum associated 
with healthy, green-leaved vegetation. See also 
VEGETATION INDEX. 

red iron ore See hematite. 

Redlichiida An order of‘Trilobita that lived 
in the Lower to Middle ‘Cambrian. They had 
large eyes, a large, semicircular ‘cephalon 
with strong ‘genal spines, many small, often 
spiny, thoracic segments, and a tiny ‘pygid- 
ium. There were four suborders. Some, espe¬ 
cially members of the suborder Olenelloidea, 
are important stratigraphic markers. 


redox potential (E„) A scale of values, mea¬ 
sured as electric potential in volts, indicating 
the ability of a substance or solution to cause 
‘reduction or ‘oxidation reactions under non¬ 
standard conditions. The term is sometimes 
used interchangeably with the term ‘oxida¬ 
tion potential, but in either case the symbol 
E e would refer to standard conditions, while 
E h signifies non-standard conditions, usually 
processes in natural systems such as sea water 
or soils. The higher the value of E H , the more ox¬ 
idizing the conditions. The redox potential is 
important in ‘weathering in terms of oxida¬ 
tion and reduction; if the environment will ac¬ 
cept ‘electrons it can precipitate Fe(OH) 3 , if not 
the Fe 2+ ‘ions will remain in solution. Values in 
natural environments are closely linked, and 
vary, with changes in ‘pH. 
redox reaction (oxidation-reduction) Re¬ 
action involving the transfer of ‘electrons 
from a donor molecule, the reducing agent, 
to an acceptor molecule, the oxidizing agent, 
red podzolic soil ‘Soil profile formed at an 
advanced stage of ‘weathering and ‘leach¬ 
ing by the process of ‘podzolization; it is sim¬ 
ilar in appearance and properties to a 
‘podzol but associated with the greater de¬ 
gree of ‘chemical weathering and higher 
iron-oxide concentrations of a humid, tropi¬ 
cal environment. See also ultisols. 

Red Sea An elongate basin, 2 000 km long, 
with shorelines 360 km apart at the widest 
point and only 28 km apart where it joins the 
Gulf of Aden. The Red Sea has an inner ‘me¬ 
dian valley, associated with a positive ‘grav¬ 
ity anomaly, containing ‘basalts and hot 
brines, and the sea is thought to be at the 
young stage of the ‘Wilson cycle of an ocean, 
reduction Chemical reaction in which 
atoms or molecules either lose oxygen, or gain 
hydrogen or ‘electrons. Compare oxidation. 
reduction potential See oxidation 


reduction to pole The simplification of 
the interpretation of ‘magnetic anomalies 
by modifying the anomaly pattern to that 
which it would be in a vertical field, i.e. if the 
locality were at the north (or south) magnetic 
pole; induced magnetic effects would then be 
symmetrical. The anomaly is directly analo¬ 
gous to that of a ‘gravity anomaly (in which 
the gravitational force is also vertical). 

REE See rare-earth element. 
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overlain by the ‘Venturan, and roughly con¬ 
temporaneous with part of the *Piacenzian 

repichniaAbehaviouralcategoryof*trace fos¬ 
sils that result from locomotion. Animals may 
leave distinct ‘tracks through walking or 
crawling across soft ‘sediment surfaces; repich- 
nia are the fossilized traces ofthose tracks, 
replacement Widely used geologic term de¬ 
noting a process that involves some kind of 
transformation. In a petrological sense it 
refers to the partial or complete alteration of 
an original mineral to an aggregate of ‘sec¬ 
ondary minerals, by the diffusion of‘ions be¬ 
tween the solid ‘phases and an introduced, 
fluid (usually water-rich) phase. Such diffusion 
takes place easily when the temperature of the 
rock system is below the stability limit of an 
individual mineral and a fluid is present to act 
as a catalyst to initiate the diffusion reactions. 
The secondary minerals may be all of one 
type, or a combination of mineral types. For 
example, high-temperature, magnesium-rich 
* olivine can be replaced by an aggregate of sec¬ 
ondary ‘serpentine and ‘chlorite, while *pla- 
gioclase can be replaced by a fine aggregate of 
white mica (‘sericite). See also eossilization. 
reptation A mode of particle transport in 
which grains are lifted or ejected only weakly 
and do not rebound or eject other particles 
when they return to the bed. 

Reptilia (reptiles) Large and varied class of 
‘poikilothermic ‘vertebrates, which arose in 
the * Carboniferous from ‘labyrinthodont am¬ 
phibians. They were the dominant animals of 
the ‘Mesozoic world and gave rise to the 
‘birds and ‘mammals. Reptiles have a body 
covering of ectodermal scales, sometimes sup¬ 
ported by bony scutes. There is no gilled larval 
phase; development is by ‘amniote egg, but 
ovovivipary is common. Reptiles are air- 
breathing from hatching onwards, 
reptiles See reptilia. 

Repti lomorpha A superorder of reptile-like 
amphibians that lived during the ‘Carbonif¬ 
erous. It is thought to be one of the supporting 
stems of the ‘crown group ‘Tetrapoda. 
resequent Applied to a land-form whose 
orientation is similar to that of the inferred 
original feature, but which has passed 
through a complex subsequent history. For 
example, a resequent ‘fault-line scarp faces 
the same way as the original fault scarp. 


resequent fault-line scarp See resequent. 
reserve Resources of coal, ore, or minerals 
which can be mined legally and profitably 
under existing conditions. The indicated re¬ 
serve is the estimate of ore computed from 
‘boreholes, ‘outcrops, and developmental 
data, and projected for a reasonable distance 
on geologic evidence. An inferred reserve is 
an estimate based on relationships, character 
of deposit, and past experience, without ac¬ 
tual measurements or samples; it should in¬ 
clude the limits between which the deposit 
may lie. A potential reserve is ore not yet dis¬ 
covered but whose presence is suspected; the 
term is sometimes used for ore not commer¬ 
cially viable at present time. A proved reserve 
is a resource reliably established by tunnels, 
boreholes, or mining. 

reservoir 1 . A surface body of water whose 
flow is artificially controlled by means of 
dams, embankments, or sluice gates in such a 
way that the water remains static until it is al¬ 
lowed to flow for a specific purpose, e.g. flood 
control or public water supply. 2 . An under¬ 
ground rock formation with sufficient void 
space to act as a store for water, natural gas, or 
oil. 

reservoir pool Large and usually ‘abiotic 
store of a nutrient in a ‘biogeochemical 
cycle. Exchanges between the reservoir pool 
and the ‘active pool are typically slow by 
comparison with exchange within the active 
pool. Human activity, such as the mining of 
mineral resources, may profoundly alter this 
exchange rate, generally releasing an excess 
into the active pool which can be accommo¬ 
dated only by establishing a new equilibrium. 
This may in turn produce unfavourable con¬ 
ditions, manifested as chemical pollution, 
e.g. excess phosphorus in eutrophication, 
excess sulphur in acid rainfall, and lake 
acidification. 

reservoir rock Any porous rock in which 
oil, gas, or water may accumulate; usually 
‘sandstone, ‘limestone, or ‘dolomite, but 
sometimes fractured ‘igneous or ‘metamor- 

reshabar Regional south-easterly wind 
affecting mountain slopes in southern 
Kurdistan (the plateau and mountains in 
south-eastern Turkey, northern Iraq, north¬ 
ern Syria, and western Iran). The strong, 
swirling wind is hot and dry in summer but 
brings cold conditions in winter. 
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residence time 1. (removal time) The time 
that a given substance remains in a particular 
compartment of a *biogeochemical cycle. 

2. The time during which water remains 
within an ‘aquifer, lake, river, or other water 
body before continuing around the ‘hydro- 
logical cycle. The time involved may vary from 
days for shallow gravel aquifers to millions of 
years for deep aquifers with very low values for 
‘hydraulic conductivity. Residence times of 
water in rivers are a few days, while in large 
lakes residence time ranges up to several 
decades. Residence times of continental ‘ice 
sheets is hundreds of thousands of years, of 
small ‘glaciers a few decades. 

3. The average time a particular element of 
sea water spends in solution between the 
time it first enters and the time it is removed 
from the ocean. 

4. The average time that a water molecule or 
particulate pollutant spends in the atmo¬ 
sphere. For pollutants (e.g. dust from a vol¬ 
canic ‘eruption), the residence time may 
range from a few weeks in the lower ‘tropos¬ 
phere to several years in the upper ‘stratos¬ 
phere, before it is scavenged out by 
‘precipitation. For water molecules the over¬ 
all average is believed to be 9-10 days, 
residual deposit 1. Weathered material 
remaining in situ after soluble constituents 
have been removed. 2. ‘Ore deposit in ‘clay 
formed by near-surface oxidation, e.g. ‘baux¬ 
ites (aluminium ore), residual nickel, exten¬ 
sive iron ‘laterites, and ‘soil. 

residual gravity map Usually a map of 
the Earth’s ‘gravitational acceleration re¬ 
maining after allowing for all distorting ef¬ 
fects. It is known as a ‘Bouguer anomaly map 
when a ‘regional field (usually a gradient), at¬ 
tributable to gravitational sources within the 
lower ‘crust or ‘basement, has been re¬ 
moved. See smith’s rule. 
residual shear strength See shear 

STRENGTH. 

resinite See coal maceral. 

resinous Of a mineral ‘lustre, translucent 

yellowish to brown. 

resistate mineral A mineral which is not 
readily weathered by chemical attack, e.g. 
‘quartz, ‘zircon, and ‘muscovite. The relative 
ability of minerals to resist ‘chemical weath¬ 
ering is expressed in the Goldich stability se- 

resistivity logging See laterolog sonde. 


resistivity methods Geophysical methods 
in which very-low-ff equency or direct electri¬ 
cal current is injected into the ground and its 
potential distribution is measured in order to 
obtain information about the Earth’s resistiv¬ 
ity. Loosely, the term may also include ‘elec¬ 
tromagnetic methods, since ‘apparent 
conductivities (oj can be used to derive ‘ap¬ 
parent resistivities (pj by: o a = l/p a . See con¬ 
stant SEPARATION TRAVERSING; ELECTRICAL 
sounding; electrode configuration; and in¬ 
duced POLARIZATION. 

resonance 1. Condition of very large wave 
amplitude, occurring when the frequency of 
an external wave-generating force matches 
and amplifies a natural frequency for waves 
moving to and fro in an enclosed space such as 
an ‘estuary. 

2. The relationship in which the orbital pe¬ 
riod of one body is related to that of a second 
by a simple integer fraction (e.g. %, %). Such 
orbits are common in the * solar system. Well- 
known examples include the Kirkwood Gaps 
in the Asteroid Belt and the Cassini Division 
in Saturn’s ring system (a particle moving in 
the Cassini Division has a period % that of 
Mimas, and VsithatofEnceladus). 
resorption The partial fusion of a *euhe- 
dral ‘phenocryst in a ‘magma in response to 
a change in magma temperature, pressure, 
and/or composition. If the magma is erupted 
rapidly the partially fused phenocryst can be 
preserved as a large, ‘anhedral ‘crystal with 
a lobate outline set in a fine-grained ‘ground- 

resurgence 1. See spring. 2. See caldera. 
resurgent caldera See caldera. 
reticulated Applied to a meshworlc of inter¬ 
calating crystals which may give rise to 
lattice-like groups of crystals in a mineral, 
reticulite A gold-brown, foam-like type of 
glass produced by ‘Peleean eruptions and 
found near Hawaiian volcanoes, often in con¬ 
siderable quantities. 

retro-arc basin A type of ‘back-arc basin 
which is floored by ‘continental crust. The 
main ‘sediments are fluvial, deltaic, or ma¬ 
rine, derived from the uplifted area behind 

retrochoanitic See septum. 
retrograde Used in a planetary context to 
denote a body moving in the opposite sense 
to that of most ‘solar-system bodies, i.e. 
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rime The white deposit of ice that results 
from ‘crystal growth on objects that are at 
a temperature below the freezing point. 
Supercooled water droplets in fog freeze on 
contact with such surfaces, 
rimmed shelves See carbonate platform. 
ring canal See circum-oral canal. 
ring-dyke Steeply dipping ‘dyke of arcuate 
outcrop formed by the uprise of ‘magma 
along a steep conical or cylindrical fracture 
which bounds central collapsed blocks. See 
also CAULDRON-SUBSIDENCE, 
ringed basin See multi-ring basin. 
ring fracture A steep-sided, outwardly dip¬ 
ping, fault pattern or fracture, circular or sub- 
circular in plan view, commonly associated 
with ‘ring dykes. Ring fractures surround col¬ 
lapsed volcanic depressions, and are thought 
to form due to circular ‘stress trajectories cre¬ 
ated by a parent ‘pluton at depth. See caldera; 
and cauldron subsidence. 
ringing See reverberation. 
ringshine Reflected light from the rings of 
‘Saturn that illuminates features at the top 
of the Saturnian atmosphere on the night 
side of the planet, 
ring silicate See cyclosilicate. 
ringwall An archaic term that refers to the 
ring-like walls enclosing lunar craters or 
‘mare basins, as observed telescopically. 


Ringwood's rule A rule stating that: 
‘Wherever ‘diadochy in a ‘crystal is possible 
between two elements with appreciably dif¬ 
ferent ‘electronegativities, the element with 
the lower electronegativity will be pre¬ 
ferentially incorporated because it forms a 
stronger and more ‘ionic bond.’ 
rip current Strong, narrow current usually 
of short duration, flowing seaward from the 
shore. The presence of a rip current can be de¬ 
tected as a visible band of agitated water 
flowing seawards, usually as a gap in the line 
of the incoming waves. Rip currents mark the 

the shore by incoming waves and onshore 

Riphean An ‘era of the Middle ‘Protero¬ 
zoic, lasting from about 1400 to 800 Ma ago, 
that preceded the ‘Sinian. Russian usage ex¬ 
tends the era to about 680 Ma ago. 
rippability A measure of the ease with 
which earth materials can be broken by me¬ 
chanical ripping equipment to facilitate 
their removal by other equipment. Rippabil¬ 
ity is related to the ‘seismic velocity of the 
material. Rock with a seismic velocity of less 
than 2 km/s can usually be ripped, 
ri pple Small-scale ridge of sand produced by 
flowing water, wind motion, or wave action. 
The wavelength or spacing of ripple crests is 
usually less than 50 cm and the heights are 
less than 20 cm. Ripple form can be described 
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carried as solid particles of colloidal debris. 
The composition of typical river water is: 

Ion Parts per Percentage 

thousand of 

dissolved 

material 


bicarbonate 

HCO a - 58.5 48.6 

calcium Ca 2+ 15.0 12.5 

silicate Si0 2 13.1 11.0 

sulphate S0 4 2- 11.2 9.3 

chloride Cl“ 7.8 6.5 

sodium Na + 6.3 5.3 

magnesium 

Mg 2+ 4.1 3.4 

potassium K + 2.3 2.0 

nitrate NO s 2+ 1.0 0.8 

iron Fe 2+ or 

Fe 3+ 0.7 0.6 

TOTAL 120.0 100.0 


See also seawater, major constituents. 
RMQ See rock-mass quality. 
road base See pavement. 
roadstone Unconsolidated ‘aggregate of 
strong rock which will withstand crushing and 
abrasion. It is used in the construction of roads, 
roadway construction See pavement. 
roaring forties Popular maritime term 
for the prevailing westerly winds which are 
commonly strong over the oceans in temper¬ 
ate latitudes of the southern hemisphere, 
particularly between about 40° S and 50° S. 
Roche limit The distance within which the 
tidal forces exerted by a planet are sufficient 
to disrupt a ‘satellite or smaller body. For 
bodies in circular orbits with zero tensile 
strength and the same mean density as the 
primary, the Roche limit is 2.46 X (primary- 
body radius). In the case of the Earth-Moon 
system, the critical distance is 2.89 Earth 
radii (18 400 km). 

roche moutonnee (glaciated rock knob, 
stoss-and-lee topography) Mound-like land- 
form of glacial ‘erosion, consisting of a 
smoothed, streamlined, up-glacier surface 
and a broken, shattered, lee flank. It prob¬ 
ably results from a combination of abra¬ 
sion, frost-shattering, and the plucking out 
of blocks by the ‘glacier, although crushing 
has been suggested as a contributory mech¬ 
anism. 


rock A consolidated or unconsohdated ag¬ 
gregate of ‘minerals or organic matter. The 
minerals may be all of one type, in which 
case the rock is ‘monomineralic’, or of many 
types, in which case it is ‘polymineralic’. The 
aggregate of minerals can form by: (a) accre¬ 
tion or precipitation of grains during Earth 
surface processes, to give ‘sedimentary 
rocks; (b) crystallization of ‘magma to give 
‘igneous rocks; and (c) solid-state ‘recrystal¬ 
lization in response to changes in external 
conditions (e.g. pressure and temperature) to 
give ‘metamorphic rocks. The grain rela¬ 
tionships (‘textures) of these three rock 
types contrast. Sedimentary rocks are char¬ 
acterized by one of the following: (i) 
rounded or angular grains held together by 
an intergrain precipitate or a fine intergrain 
mud; (ii) fine aggregates of ‘clay minerals 
displaying a preferred orientation of their 
long axes; (iii) a crystalline aggregate of min¬ 
erals (e.g. ‘calcite) displaying straight edges 
and triple junctions between the grains; (iv) 
an aggregate of ‘fossil fragments held to¬ 
gether by an interfragment precipitate of 
‘calcite or a fine interfragment mud; or (v) 
an aggregate of organic material (e.g. ‘lig¬ 
nite or ‘coal). All igneous rocks are charac¬ 
terized by an aggregate of minerals 
displaying an interlocking texture. Meta¬ 
morphic rocks are characterized by one of 
the following: (i) a crystalline aggregate of 
minerals which display a preferred orienta¬ 
tion of their long axes; (ii) a crystalline ag¬ 
gregate of equidimensional and randomly 
oriented non-equidimensional minerals; or 
(iii) an extremely fine-grained aggregate of 
sutured, ‘anhedral, or sometimes elongate 
minerals. 

rock bench See valley-side bench. 

rock bolt A form of support for broken or 
jointed rock in mines or excavations. The far 
ends of metal bolts are secured in solid rock, 
with a face plate and nut at the external end. 
Rock bolts are usually used in conjunction 
with steel roof bars, plates, and mesh, com¬ 
bined with ‘grouting. 

rock burst Sudden, often explosive, break¬ 
ing of rock walls when stressed beyond their 
limits. It is a hazard encountered in some 
deep mines (below 1 000 m), and may be ac¬ 
companied by shocks, rock falls, and air con¬ 
cussion. It usually occurs in rocks having 
high elasticity and strength, so that when a 
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rotational shear See simple shear. 
rotational slip (rotational slump)Variety of 

landslide characterized by movement along a 
concave-up failure surface. The upper unit of 
the slump is typically tilted back, and surface 
water may be retained in the depressed zone. 
The slump may be caused by basal undercut¬ 
ting, or by the over-steepening of artificial em¬ 
bankments . It is normally found in a uniform, 
relatively weakmaterial, e.g. *clay. 
rotational slump See rotational slip. 
rotation of the Earth See earth rotation; 
and TIDAL FRICTION. 

Rotl iegende The Lower "Permian *red beds 
underlying the *Zechstein. Although old, the 
word is still very much in use, notably in the 
oil industry, since much of northern Europe’s 
natural gas is obtained from this rock unit. 
Rotliegendes An alternative name for 
the Cisuralian or Early "Permian Epoch, 
299-270.6Ma (Int. Commission on Stratigra¬ 
phy, 2004). 

rotor cloud Cloud formed in moist air by 
condensation in the upper part of an eddy 
that has been generated beneath the wave¬ 
form in stable air on the lee side of a moun¬ 
tain barrier. The closed eddy system can 
result in local reversal of wind direction in 
the general air stream, 
roughness See bed roughness. 
rounded biosparite See folk limestone 

CLASSIFICATION. 

roundness index The average radius of 
curvature of the corners of a particle, divided 
by the radius of the maximum inscribed cir¬ 
cle for a two-dimensional image of the parti¬ 
cle, i.e. (Zr/N)/R, where Sr is the average radius 
of curvature at the corners, N is the number 
of corners, and R is the radius of the largest in¬ 


scribed circle. In practice, it is used empiri¬ 
cally and other techniques are also used. For 
example, a pebble may be compared with a 
set of standard silhouettes. The resulting 
index figure allows inferences to be made 
about the nature of the depositing process. 
Rowe cell Instrument for testing the "con¬ 
solidation of large "soil or loose "sediment 
samples. The sample is compressed under hy¬ 
draulic pressure and drained from below. 
Pore pressure and change in thickness of the 
sample can be measured. 

RPF See relative pollen frequency. 
r-process See rapid-neutron process. 

RQD See rock-quality designation. 

RRM See rotational remanent magnetism. 
RRR junction A "triple junction formed by 
the meeting of three "ridges. 

R-selection The "natural selection of those 
organisms that breed in such a way as to maxi¬ 
mize their intrinsic rate of increase (r) so that 
when favourable conditions occur (e.g. in a 
newly formed habitat) the species concerned 
can rapidly colonize the area. Such an oppor¬ 
tunist strategy, based on producing large num¬ 
bers of seeds, spores, eggs, or offspring most of 
which perish, is advantageous in rapidly 
changing environments, as in the early stages 
of a succession. Compare k-selection. 

RSR See rocic: soil ratio; and rock- 
structure RATING. 

RSS Regional stratigraphic scale. See strati¬ 
graphic scale. 

RST See REGRESSIVE SYSTEMS TRACT, 
rubble levee See lava lev£e. 
rubefaction The reddening of some 
"soils in the humid tropics as a result of 
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contained in a rock, when all *pore spaces are 
filled with water; it is expressed as the per¬ 
centage of the dry weight of the rock, 
saturation vapour pressure The 
*vapour pressure at which the layer of air 
immediately above the surface of liquid 
water is saturated with moisture at a given 
temperature. 

Saturn The sixth planet in the *solar sys¬ 
tem, distant 9.52AU from the *Sun. Its radius 
is 60 000km, density 704kg/m 3 , mass 95 X 
Earth mass, volume 833 X Earth volume, and 
it has an equatorial inclination to the ‘eclip¬ 
tic of 29°. An outer zone of hydrogen and 
helium is underlain by a zone of metallic hy¬ 
drogen, around an ice-silicate core. It has 48 
confirmed, 11 unconfirmed, and possibly a 
further three ‘satellites and is famous for its 
ring system. 

Saturnian satellites ‘Saturn has up to 62 

satellites, of which 18 are described here. See 
ATLAS (SATURN XV); CALYPSO (SATURN XIV); 
DIONE (SATURN LV); ENCELADUS (SATURN II); 
EPIMBTHEUS (SATURN Xl); HELENE (SATURNXIII); 
HYPERION (SATURN VII); IAPETUS (SATURN VTIl); 
JANUS (SATURN X); MIMAS (SATURN i); PAN (SAT¬ 
URN XVIII); PANDORA (SATURN XVII); PHOEBE 
(SATURN ix); PROMETHEUS (SATURN XVI); RHEA 
(SATURN V); TELESTO (SATURN XII); TETHYS (SAT¬ 
URN hi); and titan (saturn vi). 

Saucesian A ‘stage (16.5-22Ma ago) in the 
Upper ‘Tertiary of the west coast of N. Amer¬ 
ica, underlain by the ‘Zemorrian, overlain by 
the ‘Relizian, and roughly contemporaneous 
with the upper ‘Aquitanian and ‘Burdi- 
galian Stages. 

saurian Of, or resembling a lizard. Loosely 
refers to lizard-like animals, and applied to 
‘fossils, life habits, etc. of the extinct ‘rep¬ 
tiles. 

Saurischia The ‘lizard-hipped’ ‘dinosaurs, 
one of the two dinosaur orders. They in¬ 
cluded bipedal carnivores (‘Theropoda) and 
herbivorous ‘tetrapods (‘Sauropoda). The 
theropods produced the largest known ter¬ 
restrial carnivores, and the sauropods 
yielded the largest known land animals, 
saurischian dinosaur Set saurischia. 
Sauropoda ‘Jurassic and ‘Cretaceous 
quadrupedal ‘dinosaurs of herbivorous 
habit. They included Diplodocus, from the 
Upper Jurassic, one skeleton of which, mea¬ 


suring 26.6 m, at one time made Diplodocus 
the longest terrestrial animal known, but 
larger sauropods have since been discovered. 
Brachiosaurus, from the Late Jurassic of the 
USA and Tanzania, is estimated to have 
weighed 801, and Supersaurus is estimated to 
have been 15 m tall and possibly 30 m long. 
*Apatosaurus (Brontosaurus) was also a sauro- 
pod, and although shorter than Diplodocus its 
skeleton was more massively built. 
Sauropterygia (subclass ‘Archosauria) An 
extinct reptilian order, that comprises the 
two suborders ‘Plesiosauria (plesiosaurs) and 
‘Nothosauria (nothosaurs). 

Saussure, Horace Benedict de (1740-99) 
A Swiss naturalist, Saussure made an exten¬ 
sive study of the structure of the Alps, de¬ 
scribed in the four volumes of Voyages dans les 
Alpes (1779-96). His theory was ‘neptunian, 
but with ‘uniformitarian overtones, 
saussuritization The complete or partial 
alteration of calcium-rich ‘plagioclase to a 
fine-grained aggregate of secondary, sodic- 
rich plagioclase, ‘epidote, ‘muscovite, *cal- 
cite, ‘scapolite, and ‘zeolites. The process 
commonly takes place during the low-grade 
‘regional metamorphism of ‘gabbros and 
‘basalts, both of which contain plagioclase 
as an ‘essential component. 

Saxonian The European stratigraphic term 
that is equivalent to the Upper ‘Rotliegende 
and Weissliegende. See also autunian. 
S-band The radar frequency band between 
1550 and 5200MHz. 

scalenohedron A ‘crystal form consisting 
of a number (usually 6 or 12) of triangular 
faces, all with unequal sides. Its ‘crystal sym¬ 
metry is either ‘tetragonal or, more fre¬ 
quently, ‘hexagonal. Each face cuts the 
vertical c (or z) axis and the form is often de¬ 
veloped in the mineral ‘calcite, where it is 
called 'dog-tooth spar’, 
scandent In a graptoloid graptolite (*Grap- 
toloidea), applied to the condition where the 
‘stipes are united back to back with the nema 

Scandinavian ice sheet An ‘ice cap which 
developed over Scandinavia during the 
‘Quaternary. It has been suggested, largely 
on the basis of the degree of downwarp and 
the partial recovery of the land surface in 
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secondary geochemical dispersion 

The movement of elements at or just below 
the Earth’s surface, which results from 
•weathering, ‘erosion, and deposition, 
secondary migration Movement of ‘hy¬ 
drocarbons, usually laterally, into and within 
the ‘reservoir rock where they accumulate, 
secondary mineral A ‘mineral formed by 
the subsolidus alteration of a pre-existing 
‘primary mineral in an ‘igneous rock. Min¬ 
erals which have crystallized from a ‘magma 
are stable only at high temperature and can 
readily alter to low-temperature, secondary 
minerals when a fluid, e.g. water, is intro¬ 
duced into the rock system. The fluid acts as a 
catalyst to initiate the alteration reaction. 
Most secondary minerals are hydrated ‘sili¬ 
cates. A typical example is the alteration of 
primary ‘olivine to secondary ‘chlorite and 
‘serpentine. 

secondary porosity The forms of ‘poros¬ 
ity which develop in a rock during and after 
•consolidation, by the selective dissolution or 
alteration of mineral ‘grains and ‘cements, 
or by the fracturing of the rock by tectonic 
processes (see tectonism). See choquette and 
PRAY CLASSIFICATION. 

secondary quartz ‘Quartz formed as a 
‘cement during ‘diagenesis, 
secondary recovery methods In the pe¬ 
troleum industry, techniques by which recov¬ 
ery has been increased to about 50% since the 
1940s, including the injection of natural gas 
above the oil in a ‘reservoir to force the oil 
downwards, or pumping water in below the 
oil to force it upwards. 

secondary sedimentary structure A 

structure formed by the precipitation of 
minerals in the pores of a sedimentary rock 
during or following its consolidation, or 
by chemical replacement of some of its 
constituents. Compare primary sedimentary 
STRUCTURE. 

secondary wave See s-wave. 
second derivative Acceleration due to 
gravity (g) is the first derivative of the gravity 
potential field. Where g varies with horizon¬ 
tal distance (due to anomalies), then the gra¬ 
dient in the direction of the variation is the 
second derivative. Such computations exag¬ 
gerate noise, as well as highlighting maxima 
and minima in the gravity field. 


secular variation Any long-term variation 
over a period of the order of 10 to 20 years or 
longer. In ‘geomagnetism, a variation that 
operates on a time-scale greater than one 
year, but excluding the variation associated 
with the sunspot cycle. 

SEDEX See sedimentary exhalative 
processes. 

Sedgwick, Adam (1785-1873) Woodwar- 
dian Professor of Geology at Cambridge, 
where he modernized the teaching of geology. 
He is best known for unravelling the stratigra¬ 
phy of North Wales (the ‘Cambrian System) 
which resulted in a quarrel with R. I. ‘Murchi¬ 
son over the boundary between the Cambrian 
and ‘Silurian Systems. He made important 
contributions to structural geology, distin¬ 
guishing between stratification, jointing, and 
‘slaty cleavage. 

sedigraph An instrument that calculates 
the size of sediment particles by measuring 
the attenuation of a finely collimated X-ray 
beam through a settling suspension as a func¬ 
tion of height above the base of the ‘sedi¬ 
mentation tube and time, 
sediment Material derived from pre¬ 
existing rock, from ‘biogenic sources, or 
precipitated by chemical processes, and 
deposited at, or near, the Earth’s surface, 
sedimentary basin A subsiding area of 
the Earth’s ‘crust which permits the net ac¬ 
cumulation of‘sediment, 
sedimentary cycle A cycle which com¬ 
prises the ‘weathering of an existing rock, 
followed by the ‘erosion of ‘minerals, their 
transport and deposition, then burial. First- 
cycle ‘sediments are characterized by the 
presence of less resistant minerals and rock 
fragments. If this material is reworked 
through a second cycle, the less resistant 
minerals will be eliminated, or altered to 
more stable products. The more sedimentary 
cycles that a sediment has passed through, 
the more mature it will become and it will be 
dominated by well-rounded, resistant miner¬ 
als (see resistate mineral). 
sedimentary environments Environ¬ 
ments in which ‘sediments are deposited on 
land include ‘alluvial fans, river beds, lake 
beds, sand ‘dunes, marshes, ‘deltas, ‘barrier 
beaches, ‘lagoons, and ‘tidal flats. Sedi¬ 
ments also accumulate on ‘reefs, ‘continen¬ 
tal shelves, ‘continental rises, ‘continental 
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stream channel, but it may also relate to flow 
between different aquifer units, 
seepage velocity The velocity of‘ground- 
water calculated from ‘Darcy’s law. It is not 
the actual velocity of the water in the pores, 
but the apparent velocity through the bulk of 
the porous medium. Actual velocity is higher 
than seepage velocity by a factor which com¬ 
bines the effects of porosity and the tortuos¬ 
ity of the actual flow path among and around 
the mineral grains. 

seiche A stationary or 'standing wave in an 
enclosed body of water, e.g. a bay or lake. Se¬ 
iches are usually the product of intense storm 
activity. 

seif dune Linear *dune consisting of curved, 
sword-like components, and found in hot 
deserts. Typically it is developed by the elon¬ 
gation of a ‘barchan arm, and built up by 
winds blowing from two principal directions. 



Seif dune 


seism- From the Greek seismos meaning 
‘earthquake’, a prefix meaning ‘pertaining to 
earthquakes’. 

seismic anisotropy The situation in which 
the speed at which a ‘seismic wave travels 
varies according to the direction of travel. 
While most ‘minerals are anisotropic (see 
anisotropy) the mineral grains forming 
a rock are randomly aligned, so the an¬ 
isotropies usually cancel out, leaving the rock 
isotropic at the wavelengths of seismic waves 
(metres to hundreds of metres). ‘Foliation 
tends to align mineral grains, however, so 
large masses of foliated rocks are often 
anisotropic. Rocks such as ‘shale are also seis- 
mically anisotropic because they are com¬ 
posed of elongate grains that align during the 
deposition that eventually forms the rock, 
seismic blind zone A layer which cannot 
be detected by seismic refraction methods be¬ 


cause it is too thin or its velocity is lower than 
that in overlying strata. See hidden layer. 
seismic gap 1. An area within a known ac¬ 
tive ‘earthquake zone within which no 
significant earthquakes have been recorded. 
It is not always clear whether this gap repre¬ 
sents a zone where gradual motion takes 
place continually so there is no strain accu¬ 
mulation, or where motion is locked and 
strain is accumulating. 

2. (shotpoint gap) In split-spread seismic 
* reflection shooting, the distance between the 
shot point and the nearest ‘groups of ‘geo¬ 
phones, which is larger than that between sub¬ 
sequent geophone groups at larger ‘offsets. 

3. (inter-record gap) Ablank space on a mag¬ 
netic tape which signals the end of one block 
of seismic data (one seismic record) and her¬ 
alds the start of another. It is used to facilitate 
the transfer of magnetically recorded data 
into a computer system. 

seismicity The likelihood that an ‘earth¬ 
quake will be felt in a particular area; i.e. 
earthquakes are frequent in zones of high 
seismicity (e.g. Japan and California), 
seismic margin See active margin. 
seismic moment A measure of the size of 
an ‘earthquake, based on the concept of rup¬ 
ture and slippage along a fault plane as a ro¬ 
tational motion about a point on the fault. It 
is given by: M 0 = pAd, where p is a constant 
varying according to the material, A is the 
area of the ruptured fault, and d is the aver¬ 
age slip. 

seismic record (seismogram) The output 
of a seismic recording system (‘seismo¬ 
graph), e.g. a paper or film record, showing 
the seismic ‘wiggle traces, usually for a sin¬ 
gle ‘shot ‘spread. In ‘refraction surveys, 
many shots into one spread may be summed 
by a signal-enhancement seismograph to pro¬ 
duce a single record. When records are 
processed they can be placed side by side 
along a ‘profile to form a ‘seismic section’, 
seismic reflection See reflection. 
seismic-reflection profiling See pro- 

seismic refraction See refraction. 
seismic section See seismic record. 
seismic stratigraphy (seismostratigra- 
phy) The study and interpretation of infor¬ 
mation obtained by seismic-'reflection 
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Earth’s surface and near-surface. Planetary 
seismology is the use of seismic waves to in¬ 
vestigate the structure of and processes 
within planets and natural ‘satellites in the 
‘solar system. 

seismometer 1. Adevice used to detect ‘seis¬ 
mic waves originating from ‘earthquakes. 
2. In exploration ‘seismology, a ‘geophone. 

seismostratigraphy See seismic strati¬ 
graphy. 

seismotectonics The study of recent 
‘earthquakes, especially with their spatial 
and temporal distribution and magnitudes, 
and their relationship with ‘plate tectonics. 
See also neotectonics. 

SELENE (KAGUYA) A mission that was 
launched from the Tanegashima Space Cen¬ 
ter on 14 September 2007 by the Japan Aero¬ 
space Exploration Agency, that aims to obtain 
data on the origin and evolution of the Moon 
and to develop technologies needed for fu¬ 
ture lunar exploration. SELENE will orbit at 
about 100 km and will release two small satel¬ 
lites into polar orbits. Its name is derived 
from SELenological Engineering Explorer, 
selenite See gypsum. 
selenizone See archaeogastropoda. 
selenology The astronomical study of the 
‘Moon. The term is derived from the Greek 
wordselene, meaning ‘moon’, 
self diffusion See diffusion (2a). 
self-exciting dynamo A dynamo that pro¬ 
duces a magnetic field around itself whereby 
motions of an electrical conductor, carrying 
magnetic lines of force, generates further 
current, eventually resulting in a stable ex¬ 
ternal magnetic field. It is generally consid¬ 
ered that the ‘geomagnetic field is produced 
by two self-exciting dynamos, the interaction 
of which results in ‘reversals of geomagnetic 
polarity. 

self-potential method See spontaneous- 
potential METHOD. 

self-potential sonde (spontaneous po¬ 
tential sonde, SP sonde) A ‘well-logging in¬ 
strumental package that measures the 
electrochemical activity of the rocks within a 
‘borehole. Formations yielding a high and 
true SP log response include ‘clay-rich 
‘sediments and ‘sulphide minerals. The SP 
method cannot be used for logging wells 


in offshore areas, where saltwater-based 
drilling muds are used, 
self-reversal The ability of certain ‘ferro¬ 
magnetic materials to acquire a thermal re- 
manence in the opposite direction to the 
ambient magnetic field. Usually this requires 
the interaction of two or more magnetic lat¬ 
tices, or of minerals with different ‘Neel or 
‘Curie temperatures. 

SEM See SCANNING ELECTRON MICROSCOPE. 
Senecan A ‘series (370-388Ma ago) in the 
Upper ‘Devonian of N. America, underlain by 
the ‘Brian, overlain by the ‘Chautauquan, 
and comprising the Fingerlakian and Cohok- 
tonian ‘Stages. It is roughly contemporane¬ 
ous with the ‘Frasnian of Europe. 

Senon ian Part of the Late * Cretaceous which 
is dated at 89.3-65.5 Ma (Int. Commission on 
Stratigraphy, 2004) and comprises the ‘Conia- 
cian, ‘Santonian, ‘Campanian, and *Maas- 
trichtian ‘Ages. Some authors do not include 
the Maastrichtian Age within the Senonian. 
Sensitive High Resolution Ion Micro- 
Probe (SHRIMP) A device for dating granite 
‘batholiths in situ by analysing zircon grains 
taken from several samples, 
sensitive tint See accessory plate. 
sensitivity 1. The consistency of ‘clay as 
this is affected by ‘remoulding. The effect de¬ 
pends on the type of clay and the amount of 
‘pore water. In a sensitive clay, ‘shear 
strength is decreased dramatically on re¬ 
moulding when moisture content remains 
constant. Sensitivity is measured as the ratio 
of the ‘unconfined compressive strength to 
the strength in the remoulded state at the 
same water content. 2. In chemical analysis, 
the smallest change in concentration which 
can be discriminated by the analytical 
method. 

septa See rugosa; tabulata; and septum. 
septarian nodule A ‘concretion, roughly 
spheroidal in shape, usually of ‘clay ‘iron¬ 
stone, and characterized by an internal struc¬ 
ture of angular blocks separated by radiating 
mineral-filled blocks. The mineral filling the 
cracks is usually ‘calcite. The structure re¬ 
sults from the formation of a hard exterior to 
the nodule due to the development of an 
aluminous ‘gel on the exterior, followed by 
dehydration of the colloidal mass (see col¬ 
loid) in the interior, leading to cracking and 
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Shear plane and zone 


shear strain See angular shear strain. 
shear strength The internal resistance of a 
material to *shear stress; this varies depend¬ 
ing on temperature, "confining pressure, 
shape, size, loading rate, and amount of 
"pore fluid present. It is measured as the 
maximum shear stress on an original cross- 
sectional area that can be sustained. In soils, 
it is the maximum resistance of a soil to 
shearing forces under specified conditions. 
The peak shear strength is the highest stress 
sustainable just prior to complete "failure of 
a sample under load; after this, stress cannot 
be maintained and major strains usually 
occur by displacement along failure surfaces. 
The residual shear strength is the ultimate 
strength along a surface or parting in soil or 
rock after shearing has occurred. For mater¬ 
ial not previously sheared there is a rapid de¬ 
cline in strength with increasing shear until 
the residual shear strength is reached, 
shear stress (t) The "stress which acts par¬ 
allel to a plane on which a force has been ap¬ 
plied. Shear stresses tend to promote sliding 
along a plane. Conventionally they are desig¬ 
nated by the symbol t; +T indicates a left- 
handed shear sense, -x a right-handed shear 

shear wave See s-wave. 
shear zone A region, narrow compared to 
its length, within which rocks have under¬ 
gone intense deformation. There are two 
end-members. Brittle shear zones ("faults), 
marked by a surface of rupture, are a com¬ 
mon feature of higher crustal levels. In duc¬ 
tile shear zones deformation is continuous 
and characterized by high ductile "strains 
due to the rocks having formed under high 
temperatures and pressures at deeper crustal 
levels. Both brittle and ductile shear zones 
may occur as subparallel or "conjugate sets, 
sheath fold A "fold with extreme curva¬ 
ture at the "hinge, often close to 180°. 


sheep-walk See terracette. 
sheet flood See flash flood. 
sheet lightning The appearance of light¬ 
ning flashes when cloud cover causes the dif¬ 
fusion of their light. 

sheet sand (sand sheet) A flat or gently un¬ 
dulating area of sand surrounding a "dune, 
sheet silicate See phyllosilicate. 
sheetwash A geomorphological "process 
by which a thin, mobile sheet of water flows 
over the surface of a hillslope and may trans¬ 
port the surface "regolith. It is important in 
semi-arid regions, and may also be significant 
in temperate zones if the vegetation cover has 
been removed. See rainwash. 
Sheinwoodian A "stage (426.2-428.2Ma 
ago) of the Middle * Silurian, underlain by the 
"Telychian and overlain by the "Whitwellian. 
shelf A gently sloping or near-horizontal, 
shallow, marine platform. Horizontal shelf 
areas, particularly in "carbonate-dominated 
areas, are referred to as ‘platforms’ if they 
have precipitate margins; more uniformly 
sloping shallow marine carbonate areas are 
termed ‘ramps'. 

shell beak In "Bivalvia, the oldest part of 
the shell, located near the "hinge, 
shell bed A "lag deposit of shells and skele¬ 
tal remains that are too heavy to be trans¬ 
ported by sea currents, but from which the 
currents have winnowed away the sedimen¬ 
tary particles. 

shell structure Shell growth is similar in 
"Mollusca and "Brachiopoda. The shell is 
divided into an outer periostracum, which is 
organic, and an inner ostracum. Both parts are 
secreted by the "mantle and shells grow by 
marginal increments which are commonly vis¬ 
ible on the exterior as growth lines. Shell thick¬ 
ening takes place and in some groups accessory 
or additional shell material may be laid down. 
External ornament, e.g. ribs, often reflects the 
shape of the mantle edge or structures con¬ 
tained within it and quite complex patterns of 
ornament are sometimes produced, 
shelly limestone "Carbonate rock that 
contains a large proportion of shell or shell 
fragments. 

shelter porosity See choquette and pray 
classification. 
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cratering. In March 1993, Gene and Carolyn 
Shoemaker and David Levy discovered a frag¬ 
mented comet close to Jupiter. The comet, 
named Shoemaker-Levy 9, collided with 
Jupiter spectacularly in July 1994. Gene Shoe¬ 
maker died in a car crash in the Australian 
outback. He and Carolyn, who survived, had 
been on their way to study a crater, 
shoestring sand An irregular, sinuous 
*sandbody having a form resembling a shoe¬ 
lace, often representing the preserved sandy 
deposit of a meandering river channel (see 
MEANDER). 

shonkinite A dark coloured, coarse¬ 
grained, ‘igneous rock consisting of ‘essen¬ 
tial ‘diopside (making up about 50% of the 
rock), ‘alkali feldspar, and ‘biotite, with or 
without ‘olivine and/or ‘nepheline. Where 
olivine or nepheline is abundant the rock 
name is prefixed with these ‘mineral names 
(e.g. olivine-shonkinite). Shonkinites are 
essentially a type of alkali ‘syenite, 
shooting flow See critical flow; and 

FROUDE NUMBER. 

shoreface The subtidal coastal zone be¬ 
tween the low-water mark and a depth of 
about 10-20 m, within which wave action 
governs the sedimentary processes. Below 
the lower limit of the shoreface waves do not 
affect the sea bed. See wave base. 
shore platform (marine platform, marine 
terrace, marine flat, marine bench, wave-cut 
bench, wave-cut platform) Intertidal bench 

and associated processes. It is terminated 
landward by a sea cliff, and slopes gently 
seaward at about 1 °. 

shortening The reduction in length of a 
line as a result of ‘strain, e.g. by thickening, 
folding, thrusting, or the loss of material by 
solution. Simple shortening may be calcu¬ 
lated using the same equation as for ‘exten¬ 
sion (e): e = (L, — L 0 )/L 0 , where Lp is the final 
length and L 0 the original length; if e has a 
negative value when calculated from this 
equation, the line has been shortened, 
short wavelength infrared See near- 
infrared. 

shot A source of seismic shock waves that are 
produced for experimental purposes, e.g. by 
a ‘hammer, an explosion, an ‘airgun, or a 
‘water gun. 


shot bounce The noise on a ‘seismic 
record that is generated by the physical and 
mechanical motion of a recording vehicle, 
shotcrete A type of ‘concrete, sometimes 
reinforced with metal or glass fibre, which is 
sprayed on to the face of an excavation to 
form a protective lining and support, usually 
a few tens of millimetres thick. It is most use¬ 
ful in protecting soft or weak material and 
can be adapted to suit varying conditions. It is 
often used in conjunction with other forms 
of support, e.g. ‘rock bolts and ‘arching, 
shot depth The depth below ground level 
of a seismic source. If the source is non-explo¬ 
sive, it is the depth at which the source im¬ 
pulse is generated; if it is explosive, it is the 
depth to the top of the explosive, or to its mid¬ 
point if the length of the explosive material is 
small in relation to the depth of the hole, or 
to both top and bottom of the explosive 
charge (i.e. two shot depths) if it is very large, 
shotpoint gap See seismic gap. 
shower ‘Precipitation of short duration, as¬ 
sociated with convective clouds which usu¬ 
ally do not form a continuous cover of the sky. 
Intensity varies, e.g. showers may be slight, 
moderate, or heavy. Hail or snow may form 
part of the precipitation. 

SHRIMP See sensitive high resolution ion 

MICROPROBE. 

shrimps See malacostraca. 
shrinkage In ‘concrete, a measurement of 
the reduction in dimensions due to the loss of 
water. Fine-grained ‘cement has a low 
coefficient of permeability and behaves in a 
similar manner to fine-grained soil, 
shrinkage cracks See desiccation cracks. 
shrinkage joint See joint. 
shrub-coppice dune (nabkha, nebkha) A 
‘sand ‘dune that is irregular or approxi¬ 
mately elliptical in shape, and streamlined in 
the downwind direction, that results from 
the accumulation of sand around a clump of 
vegetation and downwind of it. It is the com¬ 
monest type of sand dune, 
shutter ridge A ridge that forms when a 
‘strike-slip fault occurs across a ‘gully, at an 
angle to the axis of the gully. The movement 
shifts the raised side of the gully on one side 
of the fault to a position opposite the lowered 
side of the gully on the other side of the fault. 
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Silurian Third (443.7-416Ma) of six ‘peri¬ 
ods of the ‘Palaeozoic ‘Era. The end of the 
period is marked by the climax of the ‘Cale¬ 
donian orogeny and the filling of several 
Palaeozoic basins of deposition, 
silver, native Malleable metallic element, 
Ag; sp. gr. 10.5; ‘hardness 2.5; white; ‘cubic 
crystals, thin sheets, or scales; occurs in asso¬ 
ciation with other silver minerals in the oxi¬ 
dized zone of silver-rich mineral deposits and 
in ‘hydrothermal vein deposits, 
silver glance See argentite. 
silver iodide Substance used in the form 
of fine particles to act as nuclei in ‘cloud 
seeding. 

silver spike In stratigraphy, a time-line 
selected as a reference point in a regional 
succession of‘strata. Compare golden spike. 
silver thaw Phenomenon resulting from 
the formation of ice on cold surfaces (e.g. due 
to rain) during a period of rapid thaw after a 
severe frost. See also glaze. 

Simiiformes (Anthropoidea) (cohort Un- 
guiculata, order Primates) Infra-order com¬ 
prising the monkeys, apes, and humans. 
Monkeys and apes have a common ancestor 
and diverged in the ‘Oligocene. The dryo- 
pithecines of the succeeding ‘Miocene were 
undoubted apes. The traditional palaeonto¬ 
logical view is that these Miocene apes gave 
rise in turn to three new lines, one leading to 
the gibbons, another to the great apes, the 
third to humans. However, on the basis of 
anatomical characteristics and genetic crite¬ 
ria, it has long been maintained that ances¬ 
tors of both the gibbons and the orang-utan 
diverged from the ancestral fine of the ad¬ 
vanced Primates at an early date and that 
only subsequently did that line split to give 
one group comprising humans and another 
comprising the gorilla and the chimpanzee; 
recent palaeontological evidence now tends 
to support this second view, 
similar fold A ‘fold in which the ‘orthogo¬ 
nal thickness changes systematically such 
that the thickness of the fold remains con¬ 
stant when measured parallel to the ‘axial 
surface. Single layers are thicker at the 
‘hinge and thinner in the limb regions. Un¬ 
like a ‘parallel fold, a similar fold can main¬ 
tain its form throughout a sequence, 
simoom Regional wind in desert areas of 
Africa and Arabia. The wind blows for only a 


short period at a time and its whirlwind ef¬ 
fect carries sand and brings very hot, dry con¬ 
ditions. 

simple shear (homogeneous rotational 
strain, rotational shear) A rotational ‘strain 
in which the maximum and minimum strain 
axes are re-oriented in relation to their origi¬ 
nal positions. See also homogeneous strain. 
Compare pure shear. 

Simpson, George Gaylord (1902-84) An 
American palaeontologist, specializing in 
mammalian evolution, who also studied 
mammal migrations. He obtained his Ph.D. 
from Yale University in 1926, for a thesis on 
‘Mesozoic mammals, and then joined the 
staff of the American Museum of Natural His- 

1942. In 1945 he moved, as a professor, to Co¬ 
lumbia University. From 1959 to 1970 he was 
Alexander Agassiz Professor of Vertebrate 
Palaeontology at the Museum of Comparative 
Zoology at Harvard University, and in 1967 
was appointed professor of geosciences at the 
University of Arizona. His studies of fossil 
mammals, especially those of Madagascar, 
led him initially to oppose the theory of 
‘continental drift. Simpson proposed that 
the dispersion of species occurred along 
‘sweepstakes dispersal routes. 

Sinemurian A ‘stage in the European Lower 
‘Jurassic (196.5-189.6 Ma, Int. Commission 
on Stratigraphy, 2004), roughly contempora¬ 
neous with the upper Aratauran (New 
Zealand). See also lias. 

single couple (Type I earthquake source) A 

‘seismicwavepattern.consistingoffour lobes 
(for *P-waves) and two lobes (for *S-waves) 
of alternate compression and dilation, which 
is generated by movement along a single 
‘fault plane. Compare double couple. 
single-stage lead ‘Common lead (Pb) re¬ 
moved at a particular time from a single, 
constantly evolving, uranium-thorium-lead 
environment. It can be used to provide the 
basis for the common-lead method of dating 
(see lead-lead dating). After the removal of 
this lead in solution and its deposition as a 
lead ore (such as ‘galena), it is then assumed 
not to have been altered in isotopic composi¬ 
tion by the further addition of ‘radiogenic 
products. 

singularity In meteorology, a short sea¬ 
sonal episode lasting a few days and com¬ 
monly occurring about specific dates of the 
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slope profile The two-dimensional form of 
a hillslope when measured down the steepest 
gradient. Traditionally it has been divided 
into a number of units, each of which 
reflected a distinctive geomorphological 
•process. For example, in 1957 L. C. King 
identified four elements in his ideal profile: a 
crest (or ‘waxing slope’ or ‘convex slope’) dom¬ 
inated by *creep; then a ‘scarp (or ‘free face’) 
affected by *rill activity and *mass move¬ 
ment; followed by a debris (or ‘constant’) slope 
where *talus accumulated; and succeeded 
finally by a ‘pediment (or ‘waning slope’) 
modified by *sheetwash. Subsequently, a 
nine-unit model has gained some acceptance, 
slope stability The likelihood that a slope 
will fail. This depends on the relative 
strengths of the forces tending to make slope 
material move and the forces resisting such 
movement. The safety factor for a slope is ex¬ 
pressed as the ratio between the ‘shear 
strength and ‘shear stress. F = s/t, where F is 
the safety factor, s is total shear strength 
along a specified ‘shear plane, and t is the 
total shear stress along that plane. For shal¬ 
low slopes, F = c + [(yz cos 2 p-u) tan <P|/ yz sin 
p cos p, where c is ‘cohesion, y is the unit 
weight of the ‘regolith, z is the vertical depth 
of the shear plane, P is the angle of the shear 
plane, u is the ‘pore-water pressure at the 
shear plane, and & is the angle of internal 
friction. A slope is stable if F > 1.3 and un¬ 
stable if F<1. 

slope stabilization The stability of slopes 
is important in the design of such excavations 
as open pits, quarries, and foundations, and 
in natural slopes forming cliffs, valley sides, 
and reservoirs, where movement may have se¬ 
rious consequences. Investigations into slope 
stability include measurements of shape, geo¬ 
logic structures, and soil strengths. Stabiliza¬ 
tion can be achieved by regrading, grassing, 
‘dewatering, meshing, ‘grouting, ‘shotcret- 
ing, ‘rock bolting, or combinations of these, 
slow-neutron process (s-process) In a 
second-generation star, successive neutron 
capture on a slow time-scale, termed the 
‘s-process’, is considered to account for the 
abundance distribution of the heaviest nu¬ 
clides. The neutrons are furnished by the 
basic sequence of energy-producing reac¬ 
tions, i.e. ‘hydrogen ‘burning’, ‘helium 
'burning', etc., thus continuing the element¬ 
building process beyond Fe. See also nucleo¬ 
synthesis. 


sluff A small avalanche (see mass-wasting) of 
loose material. 

slump structure A‘sedimentary structure 
consisting of overturned ‘folds, formed by 
the mass sliding of the semi-consolidated 
‘sediment downslope under the influence of 
gravity. 

Smalfjord A ‘stage of the Cryogenian 
Period, dated at 640-650 Ma (Int. Commission 
on Stratigraphy, 2004). 

small circle A circle on the surface of a 
sphere whose centre is not coincident with 
the centre of the sphere, so that a plane 
whose circumference is a small circle does 
not bisect the sphere. In a ‘stereographic pro¬ 
jection a small circle projects on to the 
‘plane of projection as a circle whose centre 
lies inside the ‘primitive circle. If the small- 
circle plane is horizontal it will project as a 
circle smaller than the primitive circle but 
concentric with it. If it is vertical it will pro¬ 
ject as an arc, concave towards the centre of 
the primitive circle. 

smarl A ‘pelagic or ‘hemipelagic sediment 
(an *arl), typically found interbedded with 
purer oozes in beds up to 1.5 m thick, with a 
composition intermediate between a non- 
biogenic sediment and a calcareous or sili¬ 
ceous ooze. It is 30% clay and 70% microfossils, 
with siliceous and calcareous microfossils 
present in approximately equal amounts. 
Compare marl; and sarl. 

SMC See SATURATION MOISTURE CONTENT, 
smectite A family of ‘clay minerals that in¬ 
cludes ‘montmorillonite and ‘bentonite. 
Smith, William (1769-1839) A land sur- 

work led him to see that strata could be 
identified and correlated by their‘fossil con¬ 
tent. In 1815 he published the first geologic 
map and sections of England, showing the 
sequence of strata. 

Smithian See scythian. 
smithsonite (calamine) Mineral, ZnC0 3 ; sp, 
gr. 4.4; ‘hardness 4.5; ‘trigonal; colour vari¬ 
able, shades of grey, brown, or greyish-white, 
but green, brown, and yellow types also occur; 
grey ‘streak; vitreous ‘lustre; crystals rare, but 
when they develop ‘rhombohedral with 
curved faces, more usually occurs as ‘botry- 
oidal and stalactitic masses; ‘cleavage perfect 
rhombohedral; occurs in the oxidized zone of 
zinc ore deposits, commonly associated with 
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spelean Pertaining to caves, 
speleothem See dripstone. 
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it gradually diminishes in height until it 
moves up the beach as *swash. 



Spilling breaker 


spillway General term for a *glacial 
drainage channel cut by water during glacia¬ 
tion, and normally including three varieties: 
(a) channels cut by water escaping from a 
glacially impounded lake (see overflow 
channel); (b) channels cut by meltwater re¬ 
leased from a decaying ‘glacier (see meltwa¬ 
ter channel); and (c) channels cut by a 
stream deflected by an advancing glacier. Im¬ 
pressive examples were developed in central 
Europe (the Urstromtaler of northern Ger¬ 
many) when the Scandinavian *ice sheet di¬ 
verted streams flowing north from the 
southern highlands, 
spinal column See vertebra. 
spindle bomb See volcanic bomb. 
spinel Important group ofnon-silicate mineral 
‘oxides, including the subgroups spinel series, 
‘magnetite series, and ‘chromite series. Mem¬ 
bers of the spinel series have the general 
formula XA1 2 0.„ where X = Mg in spinel, 
X = Fe 2+ in hercynite, X = Zn in gahnite, and 
X = Mn in galaxite. Complete ‘solid solution ex¬ 
ists between all four ‘end-members and also 
magnesiochromite (MgCr 3 0 4 ); spinels with ap¬ 
preciable Fe 2 * (Mg:Fe = 1:3) are called 
pleonaste and those with Fe 2+ and Cr^ are 
called mitcheflite; sp. gr. 3.5-4.1; ‘hardness 
7.5-8.0; spinel is dark green and hercynite is 
dark bluish-green; all occur as small octohedra. 
Unlike chromite, which occurs in ultramafic (see 
ultrabasic) ‘igneous intrusions, spinel may 
occur in metamorphic ‘schists and ‘gneisses 
with ‘sillimanite, ‘garnet, and ‘cordierite. In 
‘contact metamorphosed impure ‘limestones 
spinel occurs with ‘chondrodite, ‘olivine, and 
‘orthopyroxene, and in ‘emery deposits it oc¬ 
curs with ‘corundum. Spinel may develop in 
residual aluminous ‘xenoliths enclosed in 
‘basic magmatic rocks. Spinel is found in ‘allu¬ 
vial deposits and gem quality spinel also occurs. 
Hercynite occurs in metamorphosed ‘laterites; 
gahnite in ‘granite ‘pegmatites; and galaxite in 
manganese vein deposits. 


spinifex texture An array of criss-crossing 
sheafs of subparallel, blade- or plate-like, 
skeletal, magnesium-rich ‘olivine or alumi¬ 
nous ‘pyroxene, between which is found a 
finer-grained aggregate of devitrified ‘glass, 
skeletal pyroxene, and skeletal ‘chromite. 
The ‘texture is usually found as the product 
of extreme ‘undercooling of magnesium- 
rich ‘komatiite ‘lava. 

spire In the shell of a gastropod (‘Gas¬ 
tropoda), all the ‘whorls other than the body 

Spiriferida (spiriferids) (class ‘Articulata) 
Order of‘Brachiopoda, whose members have 
spiral ‘brachidia, ‘punctate or ‘impunctate 
biconvex shells, and a large body cavity. They 
first appeared in the Middle ‘Ordovician, and 
are last known from the Lower ‘Jurassic. 



Spiriferida 


spiriferids See spiriferida. 
spissatus From the Latin spissatus meaning 
‘thickened’, a species of‘cirrus cloud which 
has sufficient thickness to appear grey even 
when the cloud is between the Sun and the 
observer. See also cloud classification. 
spit Elongated accumulation of sand or 
gravel projecting from the shore into a water 
body. ‘Longshore drift of material is usually 
responsible for the development of a spit, 
splanchnocranium See cranium. 
splay fault One of a series of branching 
‘synthetic faults near the termination of a 
major fault which spread the displacement 
over a large area. 

splendent (specular) Applied to the ‘lustre 
of a ‘mineral if it reflects light intensely to 
give a bright, shining surface. The reflectivity 
may be related to the high ‘refractive index 
of the mineral (e.g. in ‘gemstones). 

SP method See spontaneous-potential 
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stains and staining techniques 


stable-isotope studies Study of non- 
radiogenic isotopic ratios of selected elements, 
e.g. *D: H, “0: “0, 32 S: 34 S, which are fraction¬ 
ated in different proportions during diff¬ 
erent geologic processes (see isotope 
fractionation). Thus natural waters may be 
‘fingerprinted’ by reference to their D: H and 
mo;mo ratios as being of ‘meteoric, mag¬ 
matic, or metamorphic origin; sulphur in 
‘sulphide ‘ores may be characterized as 
‘sedimentary or ‘igneous by reference to its 
32 S: 34 S ratio. See also oxygen-isotope analysis; 
and oxygen-isotope ratio. 
stack 1. Pillar or block of rock, with near¬ 
vertical sides, standing adj acent to a present or 
former sea cliff. Typically it has been isolated 
from the main cliff by wave erosion concen¬ 
trated along steeply inclined *joints or ‘faults. 

2 . The product of‘stacking. A'brute’ or ‘final’ 
stack is the end product of the standard pro¬ 
cessing of seismic-*reflection data; the data 
can be processed further, e.g. by migration pro¬ 
grams to produce a ‘migration’ stack, 
stacking The summing of traces from a 
variety of ‘seismic records to increase the 
signal-to-*noise ratio and enhance coherent 
signals into a composite record (a ‘stack). 
See also common-depth-point stack; and 
vertical stacking. 

stacking fault An abnormality in the 
arrangement of the rows of atoms affecting 
the structure of a ‘crystal (e.g. ‘crystal twin¬ 
ning), caused by changes in the physical and 
chemical conditions of its immediate sur¬ 
roundings while it was growing, 
stacking velocity In seismic investiga¬ 
tions, the velocity determined from normal 
‘moveout measurements using ‘common- 
depth-point gathers prior to ‘stacking, 
stade (stadial in continental-European 
usage) A term that is difficult to define with 
precision, but which refers to a single period 
of increased cold or advancing ice, which 
forms a subdivision of a cold ‘stage within 
the overall division of a glacial period into pe¬ 
riods of cold interspersed with warm, or 
warmer, periods, 
stadial See stade. 

staff gauge A graduated pole or board 
placed in or beside a water course, from 
which it is possible to measure directly the 
height of the water surface relative to a 
known datum elevation. 


stage 1 . The elevation of the water surface 
of a river with reference to a fixed datum 
level. Hence ‘rising’ and ‘falling’ stages. 

2 . The major subdivision of a ‘series. A stage 
is the fourth order unit in chronostratigra- 
phy, the equivalent of ‘age in terms of geo¬ 
logic time units. It refers to the body of rock 
accumulated during one age unit. When used 
formally the initial letter of the term is often 
capitalized, e.g. ‘Frasnian Stage. 

3 . In palaeoclimatology, a climatic, and partly 
geologic-climatic, term usually defined by a 
series of ‘sediments or a sequence of ‘fossil 
assemblages and named at a type locality. For 
example, the ‘Hoxnian (a temperate stage) is 
named for organic ‘interglacial deposits at 
Hoxne, Suffolk, England. 

4 . The degree of development of a land-form or 
landscape over time, and which traditionally 
has been described by the terms ‘youthful’, 
‘mature’, and ‘old age’ (see davislan cycle). The 
recognition of such stages implies an orderly 
evolution and this is now seen as unlikely for 
many parts of the Earth’s land surface. 

5 . The part of a microscope on which the 
specimen to be examined is placed. Normally 
it is flat and may be fixed, as in biological or 
metallurgical microscopes, or rotating with a 
360° calibrated scale as in geologic micro¬ 
scopes. Transmitted-light microscopes have a 
hole in the centre of the stage through which 
light passes up to the observer from below. 
‘Reflected-light microscopes have an inci¬ 
dent light system, whereby light is directed 
on to the stage from above and is reflected 
from the specimen to the observer. 

stage hydrograph See hydrograph. 
stains and staining techniques Various 
chemical staining techniques are used to 
identify ‘minerals. The procedure followed is 
to etch the specimen, and then to expose it to 
a range of organic and/or inorganic com¬ 
pounds which form distinctive coloured com¬ 
plexes with certain minerals. ‘Feldspars can 
be identified by etching with hydrofluoric 
acid and then treating with sodium cobal- 
tinitrate, barium chloride, and potassium 
acid rhodizonate. ‘Plagioclases stain red and 
K-feldspars are stained yellow after this treat¬ 
ment. For ‘carbonates, a range of stains, in¬ 
cluding alizarin red S, Feigl’s solution, 
potassium ferricyanide alizarine cyanic 
green, and titan yellow are used. A number of 
staining combinations allow the differentia¬ 
tion of ‘calcite, high-Mg calcite, ‘dolomite, 
‘anhydrite, and ‘gypsum. 
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dewatering of *lime muds or from the devel¬ 
opment of cavities beneath local cemented 

Stromatocystites walcotti The earliest 
known representative of the echinoderm 
(*Echinodermata) group the Edrioasteroidea. 
It had a pentagonal shape with five distinct 
‘arms’ apparent on the surface of a flexible, 
many-plated *test. It existed during the Lower 
‘Cambrian. 

stromatol ite A laminated, mounded struc¬ 
ture, built up over long periods of time by suc¬ 
cessive layers or mats of ‘cyanobacteria that 
trapped sedimentary material. Stromatolites 
are found in shallow marine waters in 
warmer regions. Some are still in the process 
of being formed, e.g. those in Shark Bay, West¬ 
ern Australia; ‘fossil stromatolites dating 
from the Early ‘Precambrian are also known, 
although it is not certain that these were 
formed by cyanobacteria. 
Stromatoporoidea Extinct group that has 
been attributed to the ‘Hydrozoa, sponges 
(‘Porifera), foraminifera (‘Foraminiferida), 
‘Bryozoa, or ‘algae, or regarded as a phylum 
with no modern representatives. Stromato- 
poroids are calcareous masses built up of hor¬ 
izontal layers (latilaminae) and vertical 
pillars. The calcareous skeleton is called the 
‘coenosteum. The upper surfaces show a pat¬ 
tern of polygonal markings and may have 
swellings (mammelons) and stellate grooves 
(astrorhizae). They are found in ‘limestones 
of‘Cambrian to ‘Cretaceous age, often form¬ 
ing ‘reefs in ‘Ordovician to ‘Devonian times. 
Strombolian eruption Atype of volcanic 
activity which produces frequent, moder¬ 
ate ‘eruptions. The ‘lava is basaltic, but 
sufficiently viscous for entrapped gases to 
build up a pressure which is released in con¬ 
tinuous small explosions. Lava, flung into the 
air, falls back to build up a steep-sided cone of 
interbedded ‘lava and ‘tephra. Lava flows are 
commonly erupted through breaches in the 
flanks of the cone. See volcano. Compare 
Hawaiian eruption; pelSean eruption; plin- 
lan eruption; surtseyan eruption; vesuvian 
eruption; and vulcanian eruption. 
strontianite Mineral, SrC0 3 ; sp. gr. 3.7; 
‘hardness 3.5-4.0; ‘orthorhombic; white to 
pale green, grey, or pale yellow; white 
‘streak; ‘vitreous ‘lustre; crystals ‘pris¬ 
matic or ‘acicular, but also fibrous and ‘mas¬ 
sive; ‘cleavage prismatic, good {110}; occurs 


in low-temperature ‘hydrothermal veins, 
often in ‘limestone, and in association with 
‘celestite, ‘barite, and ‘calcite; soluble, with 
effervescence, in dilute hydrochloric acid. It 
is named after the type locality of Strontian, 
Highland Region, Scotland, 
strophic See hinge. 

Strophomenida (strophomenids) (class 
‘Articulata) The largest order of brachiopods 
(‘Brachiopoda), now extinct, in which one 
‘valve is usually convex and the other flat or 
concave. There is a straight ‘hinge line. The 
‘pedicle foramen is filled by one ‘plate in each 
valve in adult shells, the ‘pedicle having de¬ 
generated and been lost. Attachment is by ce¬ 
mentation of the pedicle valve, with or without 
tubular spines from the valves. The ‘shell 
structure is ‘pseudopunctate. Strophomenida 
appeared in the Lower ‘Ordovician and be¬ 
came extinct in the Lower ‘Jurassic. The order 
includes the ‘Carboniferous *Productus gigan- 



Strophomemda 


strophomenids See Strophomenida. 
structural contour map A map on which 
structural features, e.g. ‘folds, are represented 
in three dimensions. The map is read in the 
same way as a topographic contour map. The 
contours are based on a single ‘horizon (e.g. 
the top of a bed), the position of that horizon 
being given with reference to a datum plane, 
structural geology The study of the 
structure of rocks at all scales, and of the 
processes producing those structures, 
structural trap Trap formed by deforma¬ 
tion of porous and non-porous ‘strata as a re¬ 
sult of ‘folding, ‘faulting, etc., in which oil, 
gas, or water may accumulate. See natural 
gas; petroleum; and porosity. Compare anti¬ 
clinal trap; pault trap; reef trap; strati¬ 
graphic trap; and unconformity trap. 
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Subduction zone 


and the presence of andesitic volcanoes in 
the geologic record is regarded as evidence of 
an ancient subduction zone and thus of a * de¬ 
structive plate margin, 
subglacial See englaciai. 
subgrade See pavement. 
subgroup A term that may be used for ‘for¬ 
mal identification of a distinct and defined 
assemblage of‘formations within an already 
named ‘group whose name is in use. 
subhedral (hypidiomorphic) An ‘igneous 
textural term applied to crystals which are 
only partly bounded by ‘crystal faces. The ir¬ 
regular parts of the crystal surface may be 
caused by partial corrosion of the crystal or 
by partial intergrowth with other crystals, 
sublimate A solid substance that has con¬ 
densed directly from a gas. 
sublimation Direct evaporation from ice. 
In meteorology, the term is also applied to 
the reverse process, in which water vapour 
changes directly to the solid phase. See also 

sublitharenite A ‘sandstone character¬ 
ized by the presence of less than 15% mud 
‘matrix, with between 5% and 25% of the 
‘grains being rock fragments, and there 
being more rock fragments than ‘feldspar 
present. See dott classification. 
sublittoral zone 1. In freshwater ‘ecosys- 

2 . The sea-shore zone lying immediately below 
the‘littoral (intertidal) zone and extending to 
a depth of about 200 m or to the edge of the 


‘continental shelf. Red and brown ‘algae are 
characteristic of this area. Typical animals 
include sea anemones and corals on rocky 
shores, and shrimps, crabs, and flounders on 
sandy shores. The zone may alternatively be 
called the subtidal zone. It is approximately 
equivalent to the ‘circalittoral zone, 
submarine canyon Deep, steep-sided val¬ 
ley cut into the ‘continental shelf or slope, 
whose axis slopes seaward at up to 80 m/km. 
The development of submarine canyons is 
thought to have originated through erosion 
by ‘turbidity currents. However, few tur¬ 
bidity currents have been recorded from the 
submarine canyons that have been studied, 
submersible Underwater vehicle, used for 
oceanographic investigation or offshore en¬ 
gineering. These small submarines may be 
manned or unmanned, 
sub-metallic Applied to the ‘lustre of a 
mineral which is intermediate between 
‘metallic and *non-metallic. Varieties of 
‘chromite or ‘sphalerite may give a rather 
dull, metallic appearance on occasions and 
might therefore be described as sub-metallic. 
There is no sharp distinction between 'metal¬ 
lic’ and 'sub-metallic'. 

sub-Plinian eruption See vesuvian 

ERUPTION. 

subpolar glacier Sec glacier. 
subsequent stream A stream that follows 
a line of geologic weakness, such as the ‘out¬ 
crop ofasoftbed, a sequence of major ‘joints, 
a ‘fault trace, or the axis of an ‘anticline. 
Such a stream tends to extend headwards 
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supplementary forms ‘Crystals whose 
faces have developed in different positions 
relative to their atomic structure but which 
nevertheless have the same general ‘crystal 
symmetry. They may be distinguished as ‘pos¬ 
itive’ or ‘negative’ forms, or as ‘diploids’, 
suppressed layer In ‘electrical ‘resistiv¬ 
ity depth sounding, a thin layer whose true 
resistivity is intermediate between those of 
the layers above and below it, so it may be 
masked and its effects suppressed. It is analo¬ 
gous to the ‘hidden layer in ‘refraction seis¬ 
mology. 

supra- From the Latin supra meaning 
‘above’, ‘beyond’, or ‘earlier in time’, a prefix 
meaning ‘above’ or ‘in a superior position to’, 
supraglacial See englacial. 
supralittoral zone The seashore zone im¬ 
mediately above the ‘littoral fringe and be¬ 
yond the reach of tidal submergence, though 
affected by sea spray. 

supratidal Applied to that portion of a 
‘tidal flat which lies above the level of mean 
high water for ‘spring tides. It is inundated 
only occasionally by exceptional ‘tides or by 
tides augmented by a ‘storm surge, 
surf Breaking waves in the area between the 
shoreline and the outermost limit of break¬ 
ing waves. 

surface inversion A ‘temperature inver¬ 
sion in the lower atmospheric layers, extend¬ 
ing upwards from the Earth’s surface. The 
condition results, for example, from radia¬ 
tion cooling of the ground and the air above, 
or from * advection of warm air over cold sur- 

surface runoff (overland flow, Hortonian 
flow) The flow across the land surface of 
water that accumulates on the surface when 
the rainfall rate exceeds the ‘infiltration ca¬ 
pacity of the ‘soil. The rate of infiltration, 
and therefore the possibility of surface 
runoff, is determined by such factors as soil 
type, vegetation, and the presence of shallow, 
relatively impermeable, ‘soil horizons. Satu¬ 
rated overland flow can occur when a tempo¬ 
rary rise of the ‘water-table inhibits 
infiltration and causes flow over the surface, 
surface tension (-/) Fluid surfaces may 
take on the behaviour of a stretched elastic 
membrane as a result of the tendency of a liq¬ 
uid surface to contract. The surface tension of 


a liquid is given as the tension across a unit 
length of the fluid surface. Surface tension is 
temperature-dependent and is closely associ¬ 
ated with ‘capillarity. 

surface wave A ‘seismic wave which prop¬ 
agates along the surface of a medium rather 
than through it, e.g. ‘Love waves and 
‘Rayleigh waves. Compare body wave. 
surface wind The wind close to the Earth's 
surface, the velocity of which is usually mea¬ 
sured at a standard height of 10 m. Surface- 
wind velocity is reduced by the frictional 
effect of the underlying surface. The actual 
wind is a balance of‘pressure-gradient force, 
‘Coriolis force, and frictional effects, 
surf wave See spilling breaker. 
surge An expanded, turbulent, dilute flow 
of gas and ‘pyroclasts. Three main types are 
currently recognized. ‘Base surges, which 
are cold and wet, are generated during 
phreatomagmatic or ‘phreatic eruptions; 
ground surges, which are hot and dry, are 
generated from the head of pyroclastic flows; 
and ash-cloud surges, which are also hot and 
dry, are generated from the overriding gas 
and ‘ash cloud above pyroclastic flows. 
Surtseyan eruption A high-energy vol¬ 
canic ‘eruption which occurs when sea or 
lake water floods into the top of an active open 
vent, producing an eruption column up to 
20 km high and pyroclastic ‘clasts with ex¬ 
treme fragmentation and moderate dispersal. 
The term was first used to describe the activity 
at the new ‘volcano, Surtsey, which built up 
on the ocean floor south of Iceland in 1963. 
Surveyor A series of ‘NASA lunar lander 
missions that ran from 1966 to 1968. 
survivorship curve Graphic description of 
the survival of individuals in a population, 
from birth to the maximum age attained by 
any one member. Usually it is plotted as the 
logarithm of the number of survivors as a 
function of age. If a population has a constant 
mortality rate the graph will be a straight line. 
The technique may also be used to plot the sur¬ 
vivorship ofwhole populations, ‘species, gen¬ 
era, or higher *taxa. See also cohort. 
susceptibility, magnetic See magnetic 

SUSCEPTIBILITY. 

susceptibility meter An instrument for 
measuring the ‘magnetic susceptibility of a 
sample. It may be low field (less than 10 mT), 
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systems tract 


synthetic thrust A ‘thrust whose sense of 
displacement is in the direction of the major 
thrust, but which may occur progressively in 
the ‘footwall or ‘hanging wall. A ‘back- 
thrust in this sense is an antithetic thrust. See 
ANTITHETIC FAULT. 

syntype All specimens in a type series in 
which no ‘holotype was designated. 
Syringopora fischeri One of the last rep¬ 
resentatives of the stony, colonial corals be¬ 
longing to the subclass ‘Tabulata; they 
flourished during the Upper ‘Palaeozoic and 
are known from the Upper ‘Permian of Ger¬ 
many. At the end of the Permian both tabu¬ 
late and ‘rugose corals became extinct, 
system 1. The chronostratigraphic equiva¬ 
lent of the time unit ‘period. Systems are sub¬ 
divided into ‘series, and together several 
systems constitute an ‘‘erathem’. When used 
formally the initial letter of the term is often 
capitalized, e.g. the ‘Devonian System. 

2 . In ‘geomorphology, a natural arrange¬ 
ment of interrelated objects or variables, the 
whole possessing properties that make it 
greater than the sum of the individual parts. 
It normally possesses stability, expressed by a 
balance between the input and output of en¬ 
ergy and matter. This equilibrium may be 
upset by internal or external change. If the 


change is modest, the system quickly regains 
equilibrium; if it is extreme, a new equilib¬ 
rium is established. A hillslope, for example, 
receives ‘precipitation and exports water, 
slope debris, and the products of ‘weather¬ 
ing. The form of the profile represents a bal¬ 
ance between input and output. A landslide, 
perhaps induced by an increase in precipita¬ 
tion, would destroy this equilibrium, and in 
due course a new balance would be estab¬ 
lished. Several varieties of system are recog¬ 
nized. See cascading system; control 
system; morphological system; and 

PROCESS-RESPONSE SYSTEM. 

systematic errors See errors. 
systematic sampling See sampling 


Systeme Probatoire d'Observation 
de la Terre See spot. 

systems tract In ‘sequence stratigraphy, a 
three-dimensional depositional unit, defined 
by its boundaries and internal geometry. 
Three systems tracts commonly occur within 
a single cycle of sea-level changes: the ‘high- 
stand (or highland) systems tract, ‘lowstand 
(or lowland) systems tract, and, between 
them, the ‘transgressive systems tract. See 
also REGRESSIVE SYSTEMS TRACT. 




T See tesla. 

TSee TAYLOR NUMBER. 

Tabianian See zanclean. 
tabula (pi. tabulae) A horizontal *plate ex¬ 
tending across the interior of a *corallite. See 
rugosa; and tabulata. 
tabulae See tabula. 

tabular Applied to the form of a mineral 
when it occurs in broad, flat, often rectangu¬ 
lar surfaces resembling the top of a table. The 
form may be due to the presence of a promi¬ 
nent ‘cleavage direction, as in ‘barite, 
tabular cross-stratification See cross¬ 
stratification. 

Tabulata (subclass ‘Zoantharia) A ‘Palaeo¬ 
zoic order of zoantharians that are always 
colonial, never solitary, and that possess 
small ‘corallites. Tabulae (see tabula) are the 
major skeletal elements and septa (see sep¬ 
tum) are usually absent. The ‘corallum is 
built of individual corallites, not always 
connected to each other, and maybe encrust¬ 
ing, may consist of thin sheets, or may be mas¬ 
sive. Other forms may be joined side by side 
to form fence-like structures. Smaller tabu¬ 
lates appear to have lived in deeper waters, 
whereas the larger tabulates appear 
in coral-stromatoporoid (see stromato- 
poroidea) associations, 
tabulation The arrangement of the ‘plates 
in the walls of a dinoflagellate (see dino- 
phyceae) ‘test that is armoured with a series 
of plates. 

tachy I ite (tachylyte) Ablack volcanic ‘glass 
formed by the chilling of basaltic ‘magma. 
The black colour is due to the presence of 
numerous microscopic crystals within the 
glass. Tachylite can be found in the chilled 
rind of‘pillow lavas, but is extremely suscep¬ 
tible to alteration by sea water and may be 
converted to ‘palagonite. 
tachylyte See tachylite. 
tachytely A rate of evolution within a 
group that is much faster than the average 


(‘horotelic) rate. Such accelerated evolution 
typically occurs when an organism enters a 
new ‘adaptive zone and initiates an ‘adaptive 
radiation to fill the available niches. 

Taconic orogeny A middle to late ‘Ordovi¬ 
cian episode of mountain building, named 
after the Taconic Mountains (a N-S compo¬ 
nent of the Appalachian system to the east of 
the Hudson River, New York); it affected the 
whole of the Appalachians, in an area from 
what are now New England to eastern 
Canada, and is known locally in Newfound¬ 
land as the Humberian. In the south it was 
caused by the ‘suhduction of the western 
margin of the ‘Iapetus Ocean, leading to the 
closing of the western basin of the Iapetus 
and the collision between N. America and the 
Piedmont microcontinent and the subsi¬ 
dence of the ‘continental shelf further 
north. See Appalachian orogenic belt. 
taconite The name given in the Lake Supe¬ 
rior region of N. America to ‘banded iron for- 

tadpole plot A graph of ‘dipmeter results. 
The bedding ‘dip is plotted as a dot on a 
depth-dip graph, and the dot is given a tail 
corresponding to the direction of the dip at 
that point (e.g. the tail points vertically 
upwards from the dot for a northerly dip 

Tae Weian See kungurian. 
tafoni A hollow, produced by localized 
‘weathering on a steep face. Rock breakdown 
typically takes place by granular disintegra¬ 
tion or by flaking, and the hollow shows a 
tendency to grow upwards and backwards. 
Taghanician See erian. 
tagma (pi. tagmata) In arthropods, one of 
the sections into which the body is divided by 
differences in size, shape, or function, 
tagmosis In metamerically segmented 
animals (see metameric segmentation), func¬ 
tional specialization that leads to differentia¬ 
tion among the segments and the formation 
of tagmata (see tagma). 
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meaning ‘displaced *microcontinent’. Com¬ 
pare TERRANE. 

terrain component The influence of the 
type and features of an area surrounding a 
proposed mine or engineering site. See also 
TERRAIN EVALUATION. 

terrain correction See topographic 

CORRECTION. 

terrain evaluation The assessment of a 
“terrain for its suitability as a mining or in¬ 
dustrial site. Consideration must be given to 
whether it can provide: the space required for 
surface plant; the area needed for disposal, 
e.g. “tailings dams; adequate areas for 
stock-piling; parking space for employees; 
in remote territories, access to an airfield; 
adequate roads, railways, or access to sea 
ports; room for future expansion; low fire 
risk (e.g. the possibility of clearing adjacent 
woodland to reduce the risk of forest fires); 
adequate facilities for staff and visitors, e.g. 
housing, canteens, recreation facilities; space 
for concentrating plant and a smelting and 
refining complex. Consideration must also be 
given to the effect of the development on the 
environment, e.g. air pollution, 
terrain pattern The type of landscape sur¬ 
rounding a mine or industrial site. See also 
TERRAIN EVALUATION. 

terrain unit A sub-region of an area that is 
under consideration for use as a mine or in¬ 
dustrial site, e.g. whether it has forest, ex¬ 
posed bedrock, “talus, bog, etc. See also 
TERRAIN EVALUATION. 

terrane 1. A “fault-bounded area or region 
which is characterized by a “stratigraphy, 
structural style, and geologic history distinct 
from those of adjacent areas, and which is 
not related to those areas by unconformable 
contacts or “facies changes. This usage has re¬ 
cently become frequent in studies of “oro- 
genic belts in which terranes can have origins 
as “accretionary wedges, “island arcs, and 
“microplates. Initially, ‘displaced’ or ‘al¬ 
lochthonous’ was used to qualify the word 
‘terrane’ and to distinguish such terranes 
from merely ‘ “suspect terranes’, but all three 
qualifiers are falling into disuse. 2 . N. Ameri¬ 
can spelling of “terrain, increasingly coming 
into general usage. 

terra rossa European soils, red in colour, 
that developed on iron-oxide-rich residual 
material over “limestone. They are deep and 


ancient, some of them being pre-*Pleistocene. 
They are now classified as “Inceptisols or 
“Mollisols in the “USDA “soil taxonomy, 
terrestrial planet (inner planet) The term 
used to classify the four inner, rocky Earth¬ 
like planets (“Mercury, “Venus, “Earth, and 
“Mars) ofthe “solar system, which, relative to 
the “jovian (or outer) planets are smaller, 
have high densities, are composed of metallic 
(mainly iron) and silicate phases, and have 
low contents of gaseous elements, 
terrestrial radiation Long-wave electro¬ 
magnetic radiation (wavelengths 4-100 pm, 
with a peak at 10 pm) from the Earth’s sur¬ 
face and atmosphere. See also atmospheric 
‘window’; greenhouse eepect; radiation 

terric horizon In the soil classification 
used by the “FAO, a “soil horizon that has 
been strongly affected by the incorporation 
of manure. 

terrigenous The description of a “siliciclas- 
tic “sediment which has been deposited, or 
formed, on land. 

Tertiary A name, becoming obsolete, for 
the first sub-era (65.5-1.806Ma) of the 
“Cenozoic “Era. The Tertiary followed the 
“Mesozoic and comprises five “epochs: 
the “Palaeocene, “Eocene, “Oligocene, 
“Miocene, and “Pliocene, 
tertiary creep In a material undergoing 
long-term low stress, the final stage of “creep, 
characterized by accelerated permanent vis¬ 
cous “strain, leading eventually to failure, 
teschenite An “undersaturated, medium- 
to coarse-grained, “igneous rock consisting 
of “essential calcium-*plagioclase, “anal- 
cime, “titanaugite, and “barkevikite, with 
“accessory iron oxide. The rock is similar to 
“essexite but with analcime taking the place 
of “nepheline. The teschenite of the Lugar 
sill, in Ayrshire, Scotland, is a well-known 
British example. 

tesla (T) A unit of magnetic field strength. 

IT = lWb/m 1 = 10^ gauss. 

test Protective shell that covers the cells of 

some “protistans and the soft parts of certain 

invertebrate animals. 

testate Having a shell or “test. 

Tethyan realm The faunal province (see fau¬ 
nal realm) based in the region of the “Tethys 
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suggests that the process may be less effec¬ 
tive than was believed formerly. See also exfo¬ 
liation. 

thermocline Generally, a gradient of tem¬ 
perature change, but applied more particu¬ 
larly to the zone of rapid temperature change 
between the warm surface waters and cooler 
waters at depth. In the oceans, this zone of 
rapid temperature change starts at 10-500 m 
below the surface and can extend down to 
more than 1 500 m. In polar regions the ther¬ 
mocline is generally absent since the ocean 
surface is covered with ice in winter and solar 
radiation is small in summer. In thermally 
stratified lakes in summer the thermocline 
separates the warm surface waters (*epil- 
imnion) from the cooler deep waters (*hypo- 
limnion). 

thermograph Instrument that gives a con¬ 
tinuous record of temperature for a day or for 
a week. The device uses a helical strip of two 
metals with differing coefficients of expan¬ 
sion. The resulting opening and closing of the 
coil operates a pen which produces a fine over 
a calibrated chart on a round clock drum, 
thermohaline circulation Vertical circu¬ 
lation induced by the cooling of surface wa¬ 
ters in a large water body. This cooling causes 
convective overturning and consequent mix¬ 
ing of waters. In the oceans, this circulation 
usually involves temperature and ‘salinity 
variations acting together, 
thermo-hygrograph See hygrothermo- 

thermokarst * Peri glacial land-form assem¬ 
blage characterized by enclosed depressions 
(some with standing water) and so presenting a 
‘karst appearance. It is caused by the selective 
thaw of ground ice associated with thermal 
erosion by stream and lake water and may 
reflect climatic changes or human activity, 
thermoluminescence A phenomenon 
whereby certain minerals, when slowly 
heated to temperatures below their level of 
incandescence, emit light. Some minerals 
will do this only when in contact with oxygen 
(or air) and in this case it is known as oxylu- 
minescence. The light energy emitted is mea¬ 
sured using a photomultiplier and recorded 
as a function of temperature, to produce a 

thermonuclear reactions Nuclear fusion 
reactions occurring between various nuclei 


of light elements at very high temperatures. 
These are the source of energy generation in 
stars. See also nucleosynthesis. 
thermophile An ‘extremophile (domain 
‘Archaea) that thrives in environments 
where the temperature is high, typically up 

thermopile Instrument for the measure¬ 
ment of direct and diffuse short-wave radia¬ 
tion, which utilizes a bank of thermocouples 
covered by a glass or other transparent dome, 
thermoremanent magnetization (TRM) 
As heated ‘ferromagnetic materials cool 
through their ‘Curie temperature down to 
room temperature or below, the ‘remanent 
magnetization they acquire, 
thermosphere The upper zone of the at¬ 
mosphere, above about 80 km, where solar ra¬ 
diation of the shortest wavelengths is 
absorbed. In this zone, which includes the 
‘ionosphere, temperature increases with 
height, but because of the very low atmo¬ 
spheric density there, the heat capacity is 
minute. See also atmospheric structure. 
Theropoda Suborder of ‘saurischian di¬ 
nosaurs which consists exclusively of 
bipedal, carnivorous forms. It includes the 
‘coelurosaurs and the ‘carnosaurs, and 
ranged from the Upper ‘Triassic to the *Cre- 

thickness The difference in height in the at¬ 
mosphere between particular pressure levels, 
e.g. between 1000 and 500 millibars. Isolines 
of a given interval on charts are termed 
‘thickness lines’. 

thin section A slice of a mineral or rock 
which is glued to a glass slide with resin of a 
particular ‘refractive index (usually 1.540) 
and ground down to a thickness of 0.03 mm 
so that light may be transmitted through it 
when it is examined under a transmitted- 
light ‘polarizing microscope. The mineral or 
rock chip is ground in successive stages, 
using ‘carborundum or other suitable abra¬ 
sives mixed with water, and when finished 
the section is covered with a glass cover slip, 
again attached with resin. This is the stan¬ 
dard method for preparing most of the rock¬ 
forming minerals for study, 
thixotropic mudAtype ofmud commonly 
used to cool the drill ‘bit and remove rock 
chips during drilling. When the drill motion 
ceases, the thixotropic properties of the mud 
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vegetation. A P/E index of more than 127 (wet) 
indicates rain forest; 64-127 (humid) indi¬ 
cates forest; 32-63 (subhumid) indicates 
grassland; 16-31 (semi-arid) indicates steppe; 
less than 16 (arid) indicates desert. In 1948 
the system was modified to incorporate a 
moisture index, which relates the water de¬ 
mand by plants to the available precipitation, 
by means of an index of ‘potential evapo- 
transpiration (PE), calculated from measure¬ 
ments of air temperature and day length. In 
arid regions the moisture index is negative 
because precipitation is less than the PE. The 
system also uses an index of thermal 
efficiency, with accumulated monthly tem¬ 
peratures ranging from 0, giving a frost cli¬ 
mate, to more than 127, giving a tropical 
climate. See also koppen climate classifica¬ 
tion; and STRAHLER CLIMATE CLASSIFICATION, 
three-cell model An attempt to represent 
the atmospheric circulation systems over a 
hemisphere by three adjoining vertical cells 
of meridional surface motion, transferring 
energy from equatorial to polar regions. This 
concept of heat transfer by meridional circu¬ 
lation has generally been superseded by more 
modern ideas of travelling waves. See also 
hadley cell; and rossby waves. 



Three-cell model 


three-dimensional seismology (3D 

seismic) A technique, used in prospecting for 
crude oil and natural gas, in which a set of 
‘geophones is located very precisely to detect 
vibrations from a series of experimentally in¬ 
duced seismic disturbances over a consider¬ 
able area. In one survey, covering 49 km 2 , 
1700 seismic disturbances produced 725 000 


geophone traces. The technique has led to the 
identification of larger reserves than had 
previously been suspected and increased 
production. 

threshold A value beyond which the physi¬ 
cal environment adjusts to a change in 
processes. An example is provided by a ‘glac¬ 
ier, where a build-up of ice and snow over a 
number of years reaches a critical level and 
once that critical level (or threshold) is ex¬ 
ceeded there is a sudden change in the 
process of ‘basal sliding and the glacier 
surges forward. 

thrombolites Structures with a clotted mi¬ 
crotexture and no internal laminae, built by 
‘cyanobacteria and found in calcareous, sub- 

throughfall The part of ‘precipitation 
which, having been intercepted by vegeta¬ 
tion, then falls on to the ground surface. See 
INTERCEPTION (1). 

throughf low See interflow. 
throw The vertical displacement of a ‘dip- 
slip fault; its measurement is often compli¬ 
cated by the difficulty of accurately 
identifying markers on either side of the 
‘fault plane. 

thrust Alow-angle (commonly less than 45°) 
‘reverse fault, with a significant ‘dip-slip 
component, in which the ‘hanging wall over¬ 
hangs the ‘footwall. ‘Synthetic thrust sets 
form ‘imbricate fan structures which maybe 
thrust-bound, when they form a ‘duplex. Sin¬ 
gle thrusts typically show a ‘staircase’ trajec¬ 
tory composed of‘ramps and ‘flats, 
thrust-sheet-top basin See piggyback 

thufur An earth hummock, some 0.5 m high 
and 1-2 m wide, which is found in contempo¬ 
rary and past ‘periglacial environments. 
Normally it possesses a core of ‘sediment, 
which suggests that a form of differential 
heaving by ground ice is responsible for its de- 

thulite See zoisite. 

thundercloud Popular term for ‘cumu¬ 
lonimbus, which is associated with ‘thun¬ 
derstorms. 

thunderstorm A storm of fairly local scale 
in which strongly developed ‘cumulonim¬ 
bus cloud produces thunder and lightning, 
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transmission electron microscope 


form is ‘hexagonal and the low-temperature 
form is ‘trigonal. 

transform fault A type of ‘strike-slip fault 
in an ocean, occurring at the boundaries of 
lithospheric ‘plates, in which the direction 
of movement of the crustal blocks is reversed 
(or ‘transformed’) in comparison with a 
strike-slip fault on land. For example, at mid¬ 
ocean ‘ridges the offset between adjacent 
ridge sections is a transform fault; where the 
displacement is ‘dextral (right lateral) the 
motion, due to spreading, is left lateral, and 
vice versa. Generally, transform faults occur 
at right angles to the ridge itself and indicate 
the direction of spreading. The active trans¬ 
form fault extends into an inactive fracture 


transgression (marine) An advance of the 
sea to cover new land areas, due to a rise in 
the sea level relative to the land. As a result, 
shallow-water ‘sediments are overlain by 
those characteristic of deeper water, e.g. shelf 
mud is deposited on coastal sand. Compare re¬ 
gression. See onlap. 

transgressive systems tract (TST) In the 

‘genetic stratigraphic sequence model used 
in ‘sequence stratigraphy, a bounding 
surface formed by a rapid rise in sea level. 
Compare highstand systems tract; and low- 
stand SYSTEMS TRACT, 
transient creep See primary creep. 
transient electromagnetic method 
(TEM) An electromagnetic surveying method 
in which the source signal consists of a 
train of pulses rather than a continuous 
wave-form. Quasi-transient methods are used 
for continuous ‘profiling (e.g. the ‘INPUT 
method), while true TEM methods are most 
commonly used for depth soundings. It is a 
‘time-domain method, 
transient flow See steady plow. 


transient variation Any short-term varia¬ 
tion. In ‘geomagnetism, aperiodic fluctua¬ 
tions of the ‘geomagnetic field, usually on 
scales of microseconds to a few days, 
transit time The time taken for a seismic 
*P-wave to travel through one foot (0.3048 m), 
measured by a ‘sonic log in units of ps/foot. 
translation See coiling. 
translation gliding See deformation 
twinning; and slip. 

translocation In ‘pedology, the movement 
of‘soil materials in solution or in suspension 
from one ‘soil horizon to another, 
translucent Applied to a substance (e.g. a 
mineral) that transmits some light but 
through which the outlines of obj ects cannot 
be seen. This condition is common in vari¬ 
eties of‘quartz and ‘fluorite, 
translucidus From the Latin translucidus 
meaning ‘transparent’, a variety of cloud, oc¬ 
curring in extensive layers or sheet form, 
which is ‘translucent, allowing the Sun or 
Moon, and occasionally some stars, to be visi¬ 
ble. This characteristic can be presented by 
‘stratus, ‘stratocumulus, ‘altostratus, and 
‘altocumulus. See also cloud classification. 
transmission coefficient (r) The ratio of 
the amplitude of a transmitted ray (A 2 ) to that 
of the incident ray (AJ, such that T = AJA^. In 
the case of normal incidence, and in terms of 
the ‘acoustic impedances (Z 2 and Z 2 ) of the 
two media above and below the boundary, T 
= 2Z,/(Zj + ZJ. Also, T = 1 - R, where R is the 
‘reflection coefficient. The transmission 
coefficient can also be expressed in terms of 
energy (T), when T = 4Z 1 Z 2 /(Z 2 + Z 2 ) 2 . 
transmission electron microscope An 
‘electron microscope that is used to explore 
the internal structure of ‘mineral ‘thin sec¬ 
tions. The electron beam passes through the 



Transgressive systems tract 





transmissivity 


590 


specimen and is focused by lenses on the 
other side to produce an image on a phos¬ 
phor-coated plate. The microscope will re¬ 
solve images to about 0.3 nm, achieving 
magnifications of up to 1000000 times. 
transmissivity (7) The rate at which 
•groundwater is transmitted through a unit 
width of an *aquifer under a unit ‘hydraulic 
gradient. It is often expressed as the product 
of the ‘hydraulic conductivity and the full 
saturated thickness of the aquifer and has 
units of the form m 3 /day/m. 
transmittance The ratio of ‘electromag¬ 
netic radiation passing through a material to 
that incident upon its surface, 
trans-orogen basin A continental ‘drain¬ 
age basin in which water moves across the 
•strike of a mountain belt. The Columbia 
River in the N. American Rocky Mountains is 
an example. 

transparency Degree to which a substance 
allows radiation of varying wavelengths to 
pass through, as opposed to absorbing it. See 
also ABSORPTION. 

transparent Applied to a substance (e.g. a 
mineral) which transmits light and through 
which the outlines of objects can be seen 

transpiration The removal of moisture 
from the ‘soil by plant roots, its transloca¬ 
tion up the stem to the leaves, and its evapo¬ 
ration through the stomata. The flow of water 
through the plant is known as the transpira¬ 
tion stream. It reduces leaf temperatures, and 
is thought to be important for mineral ab¬ 
sorption and translocation within plants. 
The process imposes a number of environ¬ 
mental requirements upon plants; for exam¬ 
ple, wilting and desiccation result from an 
insufficient supply of water, 
transpolar drift The movement of large 
amounts of‘sea ice across the Arctic Basin, at 
1-4 cm/s, from the Siberian coast through 
the Fram Strait, to the north-east of Green¬ 
land, and down the eastern coast of Green¬ 
land. The transpolar drift is driven by the 
Beaufort Gyre, an anticyclonic circulation of 
water mainly confined to the uppermost 
300 m, over the Canadian Basin, off Canada 
and Alaska. One effect of the transpolar drift 
is to pile up ice along the northern coasts of 
Canada and Greenland, where in places it is 


transpression A tectonic regime which 
combines both transcurrent ‘strike-slip 
movement with oblique compression. 
‘Flower structures are commonly associated 
with transpressional regimes. 
trans-Saharan seaway The marine sea¬ 
way that, during two intervals in the Late 
‘Cretaceous, extended from ‘Tethys in the 
north through what are now Libya, Chad, 
Niger, and Nigeria, to the newly developing 
S. Atlantic Ocean. On both occasions am¬ 
monite (‘Ammonoidea) and ostracod (*Os- 
tracoda) faunas are known to have migrated 
through this seaway. The first event was in 
the latest ‘Cenomanian and earliest ‘Turan¬ 
ian, and was re-established only in the Late 
‘Campanian to Early ‘Maastrichtian inter¬ 
val. At the southern end (in present-day Nige¬ 
ria) there was a structural control in the form 
of the Benue Trough, but the remainder of 
the sea-way appears to have been controlled 
only by global sea level change, 
transtension A tectonic regime combining 
transcurrent ‘strike-slip movement with 
oblique ‘extension. Such a regime is associ¬ 
ated with oceanic spreading ‘ridges and 
‘transform faults, 
transverse dune See dune. 
transverse-type coast See atlantic-type 


transverse wave See s-wave. 
trap See anticlinal trap; fault trap; reef 
trap; stratigraphic trap; structural trap; 
and unconformity trap. 
trap-door caldera A ‘caldera in which the 
floor is hinged on one side, 
trapezohedron A ‘crystal form where the 
faces are in the shape of a trapezoid with four 
sides, none of which are parallel. It is devel¬ 
oped in the ‘cubic, ‘tetragonal, and ‘hexag¬ 
onal ‘crystal systems, to give a ‘closed form 
similar in shape to a pyramid. It can be re¬ 
ferred to the normal axes of symmetry but 
frequently lacks a horizontal plane of 
symmetry. 

travel time The time taken for a wave to 
travel from a source generator (e.g. a ‘shot or 
transmitter), through some media, to a detec¬ 
tor (‘geophone or receiver), at a known 
‘offset. It is used to compute ‘travel-time 
curves in seismic-*refraction surveying and 
‘seismic sections in seismic-*refraction 
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which drainage is prevented are called 
‘undrained’ tests and the strengths obtained 
are 'undrained' strengths. When ‘pores are 
allowed to empty, the tests are called 
‘drained’ tests and the strengths obtained are 
‘drained’ strengths. 

triaxial ellipsoid See plane strain; and 

tributary A stream that discharges into a 

triclinic One of the seven ‘crystal systems, 
and the one with the lowest ‘crystal symme¬ 
try, characterized by three ‘crystallographic 
axes of unequal length, none of which are at 
right angles to each other. There is a centre 
of symmetry about which is oriented a pair 
of parallel faces. The ‘mineral ‘plagioclase 
feldspar is the best-known example. 



Triclinic 


tricolpate sulci See pollen. 

Triconodonta (class ‘Mammalia, sub¬ 
class *Prototheria) Order that includes the 
earliest of all mammals, living from the 
late ‘Triassic until the early ‘Cretaceous 
and distributed over the northern conti¬ 
nents. Typically the molar teeth each had a 
row of three sharp conical cusps, the teeth 
of the upper and lower jaws forming a 
shearing device. Premolars and molars 
were differentiated, probably with some re¬ 
placement, and probably the young were 
fed on milk secreted by the mothers. Tri¬ 
conodonta may have been ‘homoiotherms 
and nocturnal, and possibly they were ar¬ 
boreal. They are believed to have been true 
carnivores rather than insectivores. Tricoti- 
odon, one of the larger forms, from the 
Upper ‘Jurassic, was the size of a modern 
cat. The order is believed to have evolved 
from ‘therapsids independently of the 


main line of mammalian evolution and to 
have left no descendants, 
tridymite A high-temperature variety of sil¬ 
ica (Si0 2 ) which is stable between 870 and 
1470 ° C at normal pressures. It occurs as tab¬ 
ular plates in cavities of volcanic rocks and 
also in ‘stony meteorites. See also quartz. 
trigonal (rhombohedral) One of the seven 
‘crystal systems (closely related to the 
* hexagonal system) in which the unit cell has 
the shape of a ‘rhombohedron, consisting of 
six ‘crystal faces all of which have two pairs 
of parallel sides. The crystals may be referred 
to four ‘crystallographic axes: one vertical 
axis of three-fold ‘crystal symmetry, and 
three equal, horizontal axes of two-fold sym¬ 
metry which are separated by an angle of 
120°. The minerals ‘calcite and ‘quartz al¬ 
ways occur in this system. 



Trilete See spore. 

Trilobita (trilobites) (phylum ‘Arthropoda) 
The most primitive arthropod class, known 
from more than 3 900 ‘fossil species. Inhab¬ 
itants of ‘Palaeozoic seas, the trilobites ap¬ 
peared first in the early ‘Cambrian, had 
their widest distribution and greatest diver¬ 
sity in the Cambrian and ‘Ordovician Peri¬ 
ods, and became extinct in the ‘Permian. 
The body was divided into three regions: an 
anterior ‘cephalon, comprising at least five, 
fused segments; a mid-body or ‘thorax, with 
a varying number of segments; and a hind 
region or ‘pygidium. All three regions were 
divided by a pair of furrows running the 
length of the body, giving a trilobite appear¬ 
ance (i.e. a median or axial lobe, flanked on 
either side by a lateral lobe). The mouth was 
situated in the middle of the central surface 
of the cephalon. Paired gill-bearing limbs 
were attached to the membranaceous. 
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trochiform 


‘pleural skeleton. X-ray studies show the eyes 
to have resembled the compound eyes ofliving 
arthropods (see trilobite eye). Trilobites 
ranged in size from 0.5 mm long planktonic 
(see plankton) forms to those nearly 1 m in 
length; most species were 3-10 cm long. There 
were nine orders: ‘Redlichiida; ‘Agnostida; 
‘Naraoiidae; ‘Corynexochida; ‘Lichida; ‘Phacop- 
ida; ‘Ptychopariida; Asaphida; and ‘Proetida. 



Trilobita 


trilobite See trilobita. 
trilobite eye The eyes of trilobites (‘Trilo¬ 
bita) are compound and made up of radially 
disposed visual units. Most trilobite eyes are 
'holochroal' (i.e. many polygonal lenses are 
in contact with one another and covered by a 
single cornea). ‘Schizochroal’ eyes occur in 
the Phacopina (i.e. the lenses are large, sepa¬ 
rated from one another, each has its own 
cornea, and each lens is in two parts); it has 
been shown that this arrangement produces 
asharp focus. 

Trimerophytina See psilophytales. 
trim I i ne Aboundary (or zone) between frost- 
shattered and glacially scoured bedrock in an 
upland region. It marks the junction between 
glacial and ‘periglacial activity and so indi¬ 
cates the position of a former ‘glacial limit, 
trimorphism See polymorphism. 
triple core barrel See core barrel. 
triple junction The point where three 
lithospheric ‘plates meet. This junction may 
involve three oceanic ‘ridges (an ‘RRR’ junc¬ 
tion), thought to have developed from a 
‘domal uplift; or involve some other configu¬ 
ration of ridge (‘R’), ‘transform fault (‘F’), and 
oceanic ‘trench (‘T’). Some types of triple 
junction are stable, while others evolve geo¬ 


logically rapidly into a different configura¬ 
tion. An example of an RRR junction is the 
point where the ‘African, ‘South American, 
and ‘Antarctic Plates meet in the S. Atlantic, 
triple-junction method A mathematical 
method in which a vector diagram is used to 
calculate the relative velocity of a third * plate, 
where the velocities of two of the plates meet¬ 
ing at a ‘triple junction are known, 
triple point The pointona‘phase diagram 
at which planes or ‘phases meet. This is the 
temperature and pressure at which the three 
phases (solid, liquid, and gas) of a substance 
can coexist (see also Kelvin scale). In a ‘solid- 
solution system, the triple point is usually 
defined by the original pressure and temper¬ 
ature conditions at which the solid, liquid, 
and gaseous phases of a substance are in 
equilibrium. 

triserial Applied to one of the patterns of 
chambers that occurs in ‘Foraminiferida, in 
which there are three chambers to each 
‘whorl in the ‘test. In some species there can 
be a change from a single chamber in each 
whorl (‘uniserial’), through two chambers 
(‘biserial’), to triserial. 

tritium clock Tritium (T) is a naturally 
occurring radioactive ‘isotope ( 3 H) of 
hydrogen ( 2 H), having two neutrons and one 
proton in the nucleus. The isotope decays 
(half-life = 12.26 years, see decay constant) 
by beta emission (see beta decay) to stable 
helium ( 3 He) and this can be used to measure 
the age of water samples back to approxi¬ 
mately 30 years. Tritium is produced in 
the upper atmosphere by the interaction 
of fast cosmic-ray neutrons with stable M N. 
The tritium combines with hydrogen and 
oxygen to form HTO, which is then dis¬ 
persed throughout the ‘hydrosphere. The 
natural production rate of tritium is 15-45 
atoms/min/cm 2 of the Earth’s surface. In 
some experiments, artificially produced 
tritium has been introduced into ‘ground- 
water and used to trace and time under¬ 
ground movements. It can also be used to 
measure and time rates of mixing in oceanic 
current systems. 

Triton (Neptune I) A satellite of ‘Neptune, 
with a diameter of 2 705.2 km; mass 
214.7 X 10 20 kg; mean density 2 054 kg/m 3 ; 
visual albedo 0.7. Its orbit is ‘retrograde, 
trochiform Applied to a gastropod (‘Gas¬ 
tropoda) shell where the sides of the spire are 
evenly conical and the base is flat. 
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Ubendian orogeny A phase of mountain 
building whose precise dates are uncertain but 
which probably occurred about 1800-1700 Ma 
ago, producing what is now a NW-SE belt in 
southern Tanzania, northern Zambia, and the 

Udden-Wentworth scale See particle 


Udocanian A *stage of the Lower ‘Protero¬ 
zoic, from about 2600 to 2000 Ma ago (Van 
Eysinga, 1975), overlain by the ‘Ulcanian. 
Ufian See ufimian. 

Ufimian (Ufian) 1. The earliest ‘stage 
(268-270.6 Ma ago) in the Middle ‘Permian 
‘Epoch, preceded by the ‘Kungurian (Early 
Permian), followed by the ‘Wordian (Int. 
Commission on Stratigraphy, 2004). 

2 . The name of the corresponding eastern Eu¬ 
ropean ‘stage, which is roughly contempora¬ 
neous with the lower Zechstein (western 
Europe), lower ‘Guadalupian (N. America), 
and Basleoan (New Zealand). See also kazanian. 
Uivakian orogeny A phase of mountain 
building that occurred about 3 000 Ma ago, 
producing what is now an approximately 
N-S belt in north-eastern Labrador, Canada. 
Ulatisian A ‘stage (48-51 Ma ago) in the 
Lower ‘Tertiary of the west coast of N. Amer¬ 
ica, underlain by the ‘Penutian, overlain by 
the ‘Narizian, and roughly contemporan¬ 
eous with the upper ‘Ypresian and lower 
‘Lutetian Stages. 

Ulcanian. A ‘stage of the Lower ‘Protero¬ 
zoic, from about 2 000 to 1400 Ma ago, under¬ 
lain by the ‘Udocanian and overlain by the 
‘Burzyan (Burzyanian). 
ulexite See borax. 

ulna In tetrapods (‘Tetrapoda), the post- 
axial bone of the fore limb. 

Ulsterian The basal ‘series (391.8-416 Ma 
ago) in the ‘Devonian of N. America, under¬ 
lain by rocks of the ‘Silurian ‘System and 
overlain by the ‘Erian Series. It comprises the 
Helderbergian, Deerparldan (Oriskanyan), 


and Onesquethawian (Onondagan) ‘Stages, 
and is roughly contemporaneous with the 
Lower Devonian Series and ‘Eifelian Stage 
(Middle Devonian) of Europe, 
ultimate bearing capacity The ‘bearing 
capacity that is the greatest stress that can be 
imposed by the weight of a building on a rock 
or soil without exceeding its strength and 
causing it to fail. Failure would cause the ma¬ 
terial to move and the foundations of the 
building to fail. Because engineers can never 
be certain of knowing the ultimate bearing 
capacity (%) precisely, they divide it by a 
safety factor (F) to produce the ‘safe bearing 
capacity (q s ). 

ultimate strength (failure strength) The 

maximum ‘stress that can be maintained in 
a body prior to its rupture. It is marked by the 
highest point on a curve in a ‘stress-strain 
diagram. 

Ultisols Mineral soils, an order in the 
*USDA ‘soil taxonomy identified by an 
‘argillic B ‘soil horizon with a ‘base satura¬ 
tion of less than 35%, and red in colour from 
iron oxide concentration. Ultisols are 
‘leached, ‘acid soils, associated with humid 
subtropical environments. See also red pod- 

ultrabasic rock An ‘igneous rock that con¬ 
sists almost entirely of‘ferromagnesian min¬ 
erals and possesses no free ‘quartz, and with 
less than 45% ‘silica (SiOJ. ‘Ultramafic’ is a 
partial synonym, 
ultramafic See ultrabasic. 
ultramylonite See dynamic metamorphism. 
ultraplinian eruption The most ex¬ 
treme type of ‘Plinian eruption, in which 
the column of ejecta reaches a height of 
more than 45 km. Such an eruption, with a 
column up to 50 km high, occurred near 
Taupo, North Island, New Zealand, in about 

ultraviolet radiation ‘Electromagnetic ra¬ 
diation which has a wavelength between 0.5 
nm and 400 nm, located between the visible 
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and X-ray regions of the electromagnetic spec¬ 
trum. Near ultraviolet occurs at wavelengths 
between 400 nm and 300 nm, middle ultravio¬ 
let between 300 nm and 200 nm, and extreme 
ultraviolet between 200 nm and 150 nm. 
ultraviolet spectrometer (ultraviolet 
spectrophotometer, UVS) A ‘spectrometer, 
used in remote sensing, that measures spec¬ 
tra in the UV waveband from which informa¬ 
tion can be derived concerning planetary 
atmosphere and surfaces, 
ultraviolet spectrophotometer See ul- 

ultraviolet-visual spectrophotomet¬ 
ry (UV-Vis spectrophotometry) Method of 
spectrophotometric analysis wherein the ab¬ 
sorbance (or transmission) of a coloured com¬ 
plex is measured at a specific wavelength in 
the ultraviolet or visible part of the electro¬ 
magnetic ‘spectrum. Any metal or ‘ion 
which can be made to form a soluble, 
coloured complex with appropriate absorp¬ 
tion maxima may be quantitatively deter¬ 
mined by comparing the absorption of the 
unknown material with that of standards of 
appropriate ‘concentration. 

Ulysses A ‘NASA and *ESA probe, launched 
in 1990, carrying the International Solar 
Polar Mission to fly over the poles of the Sun, 
which cannot be seen from Earth, and to 
study the ‘solar wind. It travelled first to 
‘Jupiter for a gravity assist, 
umber A ‘mudstone rich in iron and man¬ 
ganese oxides, with ‘silica, aluminium 
oxide, and ‘lime, that is the source of a pig¬ 
ment of the same name. Compare ochre. 
umbilicus The central cavity of a gastropod 
(‘Gastropoda) shell where the later ‘whorls 
do not meet centrally; it is sometimes seen 
basally as an opening, but is also commonly 
closed by shell material. In cephalopods 
(‘Cephalopoda), an open space that remains 
in the axis of coiling when successive whorls 
do not reach the axis. 

umbo (pi. umbones) The first part of a bra- 
chiopod (‘Brachiopoda) or bivalve (‘Bivalvia) 
shell to be formed. In a brachiopod, the umbo 
is the posterior part of each ‘valve; in a bi¬ 
valve it forms the ‘dorsal part of the shell, 
umbones See umbo. 

umbric epipedon Surface ‘soil horizon 
similar to a ‘mollic epipedon but with a 





‘base saturation of less than 50%. It is a ‘di¬ 
agnostic horizon. 

umbric horizon In the soil classification 
scheme used by the *FAO, a ‘soil horizon that 
is thick, dark-coloured, with a ‘base satura¬ 
tion of less than 50% averaged throughout 
the horizon, and rich in organic matter. 
Umbriel (Uranus II) One of the major satel¬ 
lites of ‘Uranus. Its mean radius is 584.7 km; 
mass 11.72 X 10 20 kg; mean density 1400 
kg/m 3 ; albedo 0.18. The surface is evenly 
cratered and darker than the other four 
major satellites, except for a bright ring 4 km 
in diameter. The many large craters suggest 
the surface is old. 

Umbrisols A reference soil group in the 
soil classification scheme used by the *FAO. 
Umbrisols are soils with an ‘umbric hori- 


unavailable water Water that is present 
in the soil but that cannot be absorbed by 
plants rapidly enough for their needs be¬ 
cause it is held so strongly to the surface of 
soil particles. 

uncinus From the Latin unarms meaning 
‘hooked’, a species of ‘cirrus cloud that is 
hooked at the end of its filaments and on the 
upper parts. See also cloud classification. 

unconfined aquifer See aquifer. 
unconfined compressive strength 

(uniaxial compressive strength) The strength 
of a ‘rock or ‘soil sample when crushed in 
one direction (uniaxial) without lateral re¬ 
straint. See also uniaxial compression test. 
unconformity Surface of contact between 
two groups of unconformable ‘strata, which 
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mineral); vein-unconformity deposits (see vein 
deposit); ‘sandstone deposits; ‘placer de¬ 
posits; and phosphatic ‘limestones and black- 
‘shale deposits. 

uranium-lead dating All naturally occur¬ 
ring uranium contains 238 U and 23S U (in the 
ratio 137.7:1). Both ‘isotopes are the starting 
points for complex ‘decay series that eventu¬ 
ally produce stable isotopes of lead. 238 U de¬ 
cays to 206 Pb (half-life = 4510 Ma, see decay 
constant) by a process of eight ‘alpha-decay 
steps and six ‘beta-decay steps. 235 U decays to 
207 Pb (half-life = 713 Ma) by a similar series of 
stages that involves seven alpha-decay steps 
and four beta-decay steps. Also included 
within this range of methods is that for 
‘thorium-lead dating ( 232 Th to 207 Pb; half-life 
= 13 900Ma). Uranium-lead dating was 
applied initially to uranium minerals, e.g. 
‘uraninite and ‘pitchblende, but as these are 
rather restricted in occurrence it is more nor¬ 
mal to use the mineral ‘zircon, even though 
the uranium is present only in trace 
amounts. The amount of radiogenic lead 
from all these methods must be distin¬ 
guished from naturally occurring lead, and 
this is calculated by using the ratio with 204 Pb, 
which is a stable isotope of the element then, 
after correcting for original lead, if the min¬ 
eral has remained in a closed system, the 23S U: 
202 Pb and 238 U: 206 Pb ages should agree. If this 
is the case, they are ‘concordant and the age 
determined is most probably the actual age of 
the specimen. These ratios can be plotted to 
produce a curve, the Concordia curve (see Con¬ 
cordia diagram). If the ages determined 
using these two methods do not agree, then 
they do not fall on this curve and are there¬ 
fore ‘discordant. This commonly occurs if 
the system has been heated or otherwise dis¬ 
turbed, causing a loss of some of the lead 
daughter atoms. Because 207 Pb and 206 Pb are 
chemically identical, they are usually lost in 
the same proportions. The plot of the ratios 
will then produce a straight line below the 
Concordia curve. G. W. Wetherill has shown 
that the two points on the Concordia curve 
intersected by this straight line will represent 
the time of initial crystallization and the 
time of the subsequent lead loss, 
uranium series See decay series. 

Uranus The seventh planet in the ‘solar sys¬ 
tem, discovered in 1781 by Sir William Her- 
schel (1738-1822), although he described it as 


a comet. It was named Uranus by J. E. ‘Bode. 
Its equatorial radius is 25 559 km and polar 
radius 24973 km; volume 6833 km 3 ; mass 
86.83 X 10 24 kg; mean density 1318 kg/m 3 ; vi¬ 
sual albedo 0.51; black-body temperature 
35.9 K. The inclination of the equator to the 
plane of the ‘ecliptic is 97.86°, so the planet 
is lying on its side (a fact discovered in 1846 by 
Johann Gottfried Galle (1812-1910)). At its 
closest approach, Uranus is 2 581.9 X 10 6 km 
from Earth and at its furthest 3157.3 X 10 s 
km. Uranus has an atmosphere, with a sur¬ 
face atmospheric pressure well in excess of 
100 bar. The atmosphere is composed of 
molecular hydrogen (89%) and helium (11%), 
with ‘aerosols of methane, ammonia ice, 
water ice, ammonia hydrosulphide, and 
possibly methane ice (similar to that of 
‘Neptune). Wind speeds at the surface are 
0-200 m/s and the average surface tempera¬ 
ture is about 58 K. Two new satellites, so far 
unnamed, were discovered in 1997 (and des¬ 
ignated S/1997U1 and S/1997U2), moving in 
eccentric orbits at a mean distance of 5.8 X 
10 s km from the planet (227 Uranian radii), 
and are estimated to have diameters of 60 km 
and 80 km, bringing the total number of 
known satellites to 17 (see uranlan satel¬ 
lites) and it is likely that more remain to be 
discovered. Except for Titan, the uranian 
satellites are denser than those of ‘Jupiter. 
Oberon and Titania, the two largest, were dis¬ 
covered in 1787 by Sir William Herschel. Um- 
briel and Ariel were discovered in 1851 by 
William Lassell (1799-1880). Miranda was dis¬ 
covered in 1948 by Gerard ‘Kuiper. Ariel, 
Oberon, and Titania are probably made of 
water ice, other ices, and silicates. They are 
believed to be too cold to have a molten core, 
but on some there are signs of geological 
activity. The remaining 10 satellites were 
revealed in images transmitted to Earth from 
‘Voyager 2. 

urban climate Modified surface-layer at¬ 
mospheric conditions caused by the 
influence oflarge ‘built-up’ areas. Changes in¬ 
clude pollution, reduction in strong wind 
speeds toward a city centre, ‘turbulence of 
air around buildings, warming of air by the 
heat output from city structures, and in¬ 
creased evaporation and removal (drainage 
and runoff) of water. 

Urey, Harold Clayton (1893-1981) An 
American professor of chemistry from Cali¬ 
fornia, Urey is best known as the discoverer of 
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vulcanism 


Vulcanian eruption An explosive type of 
volcanic ‘eruption that occurs when the pres¬ 
sure of entrapped gases in a relatively viscous 
‘magma becomes sufficient to blow off the 
overlying crust of solidified ‘lava. A character¬ 
istic feature of Vulcanian eruptions is that the 
material ejected comes from the older rocks in 
the volcanic edifice and new magma is not 
erupted. The activity is often long lasting, with 
the formation ofvolcanic gas and ‘ash clouds 
and the violent ejection of solid angular frag¬ 
ments of all sizes. See volcano. Compare Hawai¬ 


ian eruption; pelI-ean eruption; strombo- 
lian eruption; surtseyan eruption; and vesu- 

VIAN ERUPTION. 

vulcanicity See volcanicity. 

vulcanism 1 . A theory of the 18th and 19th 
centuries, based initially on fieldwork in the 
French Auvergne and associated with Nicolas 
‘Desmarest and James ‘Hall. They proposed 
that volcanic rocks were produced from 
molten material, and that ‘volcanoes had 
formerly existed where ‘basalts, etc. are now 
present. 2 . See volcanicity. 
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water gun 


Wangerripian The basal ‘stage (52-61.7 Ma 
ago) in the Lower *Tertiary of south-eastern 
Australia, overlain by the *Johannian, and 
roughly contemporaneous with the ‘Danian 
and *Thanetian Stages. 

Warendian A *stage (478.6-485 Ma ago) of 
the Lower *Ordovician of Australia, under¬ 
lain by the ‘Datsonian and overlain by the 
‘Lancefieldian. 

Warepan See balfour; and norian. 
warm front A surface where advancing 
warm air displaces colder air, e.g. in mid-lati¬ 
tude ‘depressions where, owing to the conver¬ 
gence of the ‘air masses and the difference of 
density between them, the warm air tends to 
rise over the cold air. Slopes ofwarm fronts are 
typically less than 1:100 and the ascent of air 
is gradual. Stratiform cloud develops in the ris¬ 
ing air. High ‘cirrus cloud followed by lower 
and thickening ‘altostratus indicate the ap¬ 
proaching front. As the frontal contact with 
the ground approaches, heavy ‘nimbostratus 
and much rain may occur. Passage of the front 
is marked by a rise of temperature, clearing of 
precipitation, and (in the northern hemi¬ 
sphere) the wind ‘veering typically from 
south or south-easterly to south-westerly, 
warm glacier See glacier. 
warm rain Rain, resulting from the coales¬ 
cence of droplets, in clouds that are unfrozen 
(i.e. their upper parts are not at freezing 

warm sector A tongue of relatively warm air 
of tropical or old polar or maritime origin that 
appears between colder ‘air masses. Such a 
tongue occupies the area between the ‘warm 
and ‘cold fronts in a developing mid-latitude 
‘depression. Wi thin the warm sector, pressure, 
wind, and temperature remain fairly steady. 
Cloud and ‘precipitation depend on the precise 
condition of the generally stable air; cloud may 
be produced from ‘orographic uplift or ‘fog 
from passage over a cool sea surface, 
washboard moraine See moraine. 
washover delta See washover fan. 
washover fan (washover delta) A fan¬ 
shaped body of * sediment that is transported 
landward by marine waters flowing through 
or across a coastal barrier such as a ‘barrier 
bar or island. Such bodies are formed espe¬ 
cially during storms when the barriers are 
likely to be overtopped. 


washplain A nearly flat surface made up of 
‘alluvium mantling a thick layer of deeply 
weathered (see weathering) bedrock and 
found in a savannah environment. It is 
washed by seasonally flooding streams which 
are unable to incise due to the lack of abrasive 
‘bed load and the large volume of‘sediment, 
water The water molecule is composed of 
two hydrogen atoms, each of atomic weight 
1.00797, combined with an oxygen atom of 
atomic weight 15.9994. It can occur as liquid, 
solid, and gas ‘phases. It is a very powerful 
solvent which is responsible for the transfer 
of material on and below the Earth’s surface, 
water-absorption test A test to deter¬ 
mine the moisture content of ‘soil as a per¬ 
centage of its dry weight (British Standard 
1377:1967). The sample is weighed, dried in 
an oven, then reweighed under standard con¬ 
ditions. It is calculated as the moisture con¬ 
tent, which is equal to: (weight of the 
container with wet soil minus the weight of 
the container with dry soil) divided by 
(weight of the container with dry soil minus 
the weight of the container); then multiplied 
by 100 to express it as a percentage, 
water balance (water budget) A method 
of assessing the size of future water resources 
in an ‘aquifer, ‘catchment area, or geo¬ 
graphical region, which involves an evalua¬ 
tion of all the sources of supply or ‘recharge 
in comparison with all known ‘discharges or 
‘abstractions. See moisture balance. 
water budget See water balance. 
water budget, global The amount ofwater 
involved in the ‘hydrological cycle each year. 
Average annual ‘precipitation over the whole 
globe is about 86 cm, of which 77% falls on the 
oceans and 23% on land. Evaporation (includ¬ 
ing transpiration by plants) from the land ac¬ 
counts for 16% of the total precipitation it 
receives, and 7% of global precipitation returns 
to the sea as river and ‘groundwater flows, 
water gun A marine seismic source which 
uses compressed air to drive a piston in order 
to evacuate a chamber flooded with water. 
The resulting water jet creates a vacuum 
in the surrounding water which implodes, 
causing an acoustic pulse. Since no bubbles 
are formed there is no ‘bubble pulse, and 
consequently the short ‘shot pulse provides 
higher resolution than can be attained with 
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water inventory 1. An inventory to show 
how water is consumed, used or otherwise in¬ 
volved in a particular process or place; e.g. 
within a steel plant or a house. 

2. Globally, approximately 97% of the Earth’s 
water occurs in the oceans. Of the fresh water, 
75% is locked up in *ice sheets and ‘glaciers, 
almost 25% is ‘groundwater, and lakes, reser¬ 
voirs, swamps, river channels, biospheric 
water, atmospheric water, and soil moisture 
together account for the remainder. The 
amount of water at each stage of the ‘hydro- 
logical cycle is called the water storage, 
water potential 1. (osmotic potential, 
chemical potential) The difference between 
the energy of water in the system being con¬ 
sidered and of pure, free water at the same 
temperature. The water potential of pure 
water is zero, so that of a solution will be neg¬ 
ative. If there is a gradient of water potential 
between two plant cells, water will diffuse 
down the gradient until equilibrium is 
reached. 2. See capillary moisture. 
watershed 1. See divide. 2. See catchment. 
waterspout A * tornado-like vortex that oc¬ 
curs over water and is visible because of the 
condensation of atmospheric water vapour 
in the low pressure around the core (not be¬ 
cause water is drawn upward from the sur¬ 
face). A waterspout may be a tornado that has 
moved from over the land, or may form over 
water, not necessarily beneath a ‘mesocy- 

water storage See water inventory. 
water-table The upper surface of‘ground- 
water, or the level below which an 
unconfined ‘aquifer is permanently satu¬ 
rated with water. See also vadose zone. 
water vapour The gaseous form of water, 
present in the atmosphere in varying 
amounts. It is an intermediate stage in the ‘hy¬ 
drological cycle. Water vapour in the atmos¬ 
phere represents 0.01% of the total ‘water 
inventory of the Earth. Water molecules have a 
short ‘residence time in the atmosphere, on 
average about nine days, though this varies 
over a very wide range, from a few minutes up¬ 
wards. Water enters the atmosphere by evapo¬ 
ration, transpiration, and ‘sublimation at the 
Earth’s surface. The concentration of water 
vapour decreases with increasing altitude up 
to over 20 km, where some increase may occur. 
Measures of water-vapour concentration in¬ 


clude ‘vapour pressure, the humidity ‘mix¬ 
ing ratio, and the ‘absolute and ‘relative hu¬ 
midity. The physical significance of water 
vapour in the atmosphere is in its condensa¬ 
tion to produce cloud and ‘precipitation (with 
release of latent heat of condensation, which 
often accelerates the uplift of rising air), its ab¬ 
sorption and scattering of radiation, etc. 
water vascular system See echinoder- 


water velocity The velocity (v m/s) of sound 
waves in water is dependent on temperature 
(T°C) and ‘salinity (S parts per thousand), 
and can be calculated for any depth (Z) using 
the formula v = 1449 + 4.6T - 0.055T 1 + 
O.OOOSP + (1.39 - 0.012T)(S - 35) + 0.017Z. 
water-witching See divining. 

Waucoban A ‘series (513-542 Ma ago) of the 
Lower ‘Cambrian of N. America, equivalent to 
the ‘Caerfai. 

wave A periodic disturbance in a solid, liquid, 
or gas as energy is transmitted through the 
medium. (Electromagnetic waves e.g. light, can 
be transmitted through a vacuum.) In water, 
waves may occur either at the surface or as ‘in¬ 
ternal waves. The size of the water wave varies 
from minute ‘capillary waves to massive 
‘tsunami, while ‘wave period ranges from a 
few seconds to several hours, 
wave base The depth beneath a water mass 
below which ‘wave action ceases to disturb 
the ‘sediments. Wave-base depth is approxi¬ 
mately equal to half the wavelength of the 

wave-built terrace A theoretical zone of 
sedimentation on the outer edge of a ‘shore 
platform or, on the larger scale, of a ‘continen¬ 
tal shelf. The depth of its surface below sea level 
was thought to be determined by the wave base 
(the depth at which wave activity just fails to 
disturb ‘sediment). Modern research has failed 
to show the existence of such terraces, 
wave clouds Clouds occurring in an air 
stream characterized by ‘wave motion, usu¬ 
ally after passing over a mountain barrier. 
Lenticular (lens-shaped) clouds and cloudlets 
appearing stationary in the crests of the waves 
are a characteristic sight in climates experi¬ 
enced on the lee side of mountain barriers, 
e.g. in eastern Scotland and Sweden, 
wave-cut bench See shore platform. 
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commonly found on storm-dominated 
shelves (see shelf), but also in lakes, "inter¬ 
tidal areas, and other environments where 
energy levels fluctuate appreciably, 
waxing slope See slope profile. 
waxy Of a mineral "lustre, smooth in ap¬ 
pearance, like wax. 

weakening In "synoptic meteorology, a de¬ 
crease in pressure gradient around a pressure 
system over time. Changes of this kind bring 
about a weakening of the winds. See also in¬ 
tensification. 

Wealden The name given to a sequence of 
freshwater deposits in the British pre- 
"Aptian "Cretaceous System. In Sussex and 
Kent the Wealden consists of two major sedi¬ 
mentary units: the Hastings Beds Group and 
the Weald Clay Group. The former is the 
lower and more sandy unit, whereas the lat¬ 
ter is mud-dominated. The name should not 
be confused with "Wealdien. 

Wealdien "Sand deposits of the "Tithonian 
"Stage located in France. The name should 
not be confused with "Wealden. 
wearing course See pavement. 
weathering The breakdown of "rocks and 
"minerals at and below the Earth’s surface by 
the action of physical and chemical processes. 
Essentially it is the response of Earth materi¬ 
als to the low pressures, low temperatures, 
and presence of air and water that character¬ 
ize the near-surface environment, but which 
were not typical of the environment of forma¬ 
tion. There are several varieties of rock break¬ 
down (see also mechanical weathering). 
Simple disintegration may occur, resulting in 
the production of coarse, angular blocks, of 
peels or skins (the process of‘desquamation’), 
of "sands, and of "silts. Minerals may be re¬ 
moved in "solution, and "chemical weather¬ 
ing may form new, often easily eroded 
substances. See also carbonation; erosion; 
frost wedging; hydration; hydrolysis; and 
THERMOCLASTIS. 

weathering correction In "seismic re¬ 
fraction and "seismic reflection surveys, a 
time correction that is made to allow for the 
"low-velocity zone or "weathering layer. It al¬ 
lows "travel times to be reduced to a common 
datum by means of the "static correction, 
weathering front The junction between 
chemically weathered (see chemical weather¬ 


ing) "rock or "regolith and sound rock. Where 
the front lies between regolith and unweath¬ 
ered bedrock it may be exposed by subsequent 
"erosion to form an "etchplain. 

weathering index Ameasure of the inten¬ 
sity of "chemical weathering. It consists of a 
comparison between a mineral or a chemical 
compound that is relatively stable with one 
that is readily removed by weathering. For ex¬ 
ample, the ratio of "quartz to "feldspar is a 
widely used index. Resistant heavy minerals 
are also used: the ratio between "zircon and 
"tourmaline (resistant) and the "amphiboles 
and "pyroxenes (less resistant) has been em¬ 
ployed. 

weathering layer A layer at or near the 
surface, usually marked by a shape transi¬ 
tion, in which "seismic velocities are sub¬ 
stantially lower than in the geophysical 
substrate. The geophysical weathering layer 
may not correlate exactly with a layer of geo¬ 
logically weathered materials; often it is 
taken to be the zone above the "water-table. 

weathering microindices Indices used 
in the grade classification of rock material by 
microscopic examination in the laboratory. 
The indices are: 4* (micropetrographic 
index), the percentage of sound constituents 
divided by the percentage of unsound con¬ 
stituents; and 4 (microfracture index), the 
number of microcracks in a 10 mm traverse of 
"thin section. 

weathering profile A vertical section, 
from the ground surface to unaltered 
bedrock, which passes through "weathering 
zones. It is usually best developed in the 
humid tropics, where depths of 100 m have 
been recorded but where 30m is more com¬ 
mon. The nature of the profile is a complex re¬ 
sponse to climatic and geologic controls, and 
to long-term changes in external conditions. 

weatheri ng series Asequence of common 
"silicate minerals, laid out in the order of 
their susceptibility to "chemical weathering. 
A well-known series was suggested by 
S. S. Goldich in 1938 and runs from "quartz 
(most resistant), through "muscovite, "alkali 
feldspar, "biotite, the "plagioclase feldspars, 
and "olivine (least resistant). This sequence is 
the reverse of "Bowen’s reaction series, 
which ranks minerals in the order of their 
crystallization from a "melt. An absolute 
scale of weathering susceptibility is unlikely 
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xanthophyllite See mica. 

Xenian A ‘system of the Lower ‘Proterozoic 
of N. America, from 2 500 to 1600 Ma ago. 
xenoblastic A textural term applied to 
‘metamorphic rocks which contain *an- 
hedral ‘porphyroblasts. 
xenocryst A crystal in an ‘igneous rock 
which has not crystallized from the ‘melt 
but has been introduced into the melt from 
an external source, e.g. the surrounding 
‘country rocks or a previously crystallized 
part of the same igneous body. Xenocrysts, 
which are usually m disequilibrium with the 
melt, contrast with ‘phenocrysts which 
have crystallized in equilibrium from the 

xenolith An inclusion or enclave of a pre¬ 
existing rock in an ‘igneous rock. Xenoliths 
are often derived from the ‘country rocks 
that have been invaded by the igneous mass, 
and they frequently show some evidence of 
reaction, e.g. rounding of their edges and 
‘metamorphism. 

xenotime ‘Accessory mineral, YPO and as¬ 
sociated with ‘monazite (Ce, La, Th) P0 4 ; sp. 
gr. 4.4-5.1; ‘hardness 4-5; ‘tetragonal; yel¬ 
lowish-brown, greyish-white, or pale yellow; 
pale brown ‘streak; resinous to vitreous ‘lus¬ 
tre; crystals ‘tetragonal ‘prisms, very similar 
to ‘zircon; ‘cleavage ‘prismatic; occurs in 
granitic and ‘alkaline, ‘igneous rocks, as 
well as in ‘pegmatites and*gneisses. 
xenotopic fabric The ‘fabric of a crys¬ 
talline ‘carbonate rock or ‘cement, or of an 
‘evaporite deposit, in which most of the crys¬ 
tals are ‘anhedral. 

XPL See crossed polars. 
xpols See crossed polars. 

X-ray diffraction crystallography A 
method of analysis in which an X-ray beam of 
known wavelength is directed at a crystal, 
and the beam is diffracted by reflections off 
planes of atoms in the crystal. By recording 
the angular positions of diffracted beams, 


the spacing between atomic planes can be de¬ 
termined according to the Bragg equation, 
nX = 2dsin0 (see bragg’s law). The procedure 
is repeated for various directions in the crys¬ 
tal and a model of its internal structure es¬ 
tablished. In geology, the technique is used to 
identify minerals. 

X-ray fluorescence (XRF) The secondary 
X-ray emission that results when ‘electrons 
from the outer orbitals of an atom fill vacant 
inner orbital positions originally created by 
X- or *gamma-ray excitation. These X-rays are 
characteristic of excited atoms. 

X-ray fluorescence spectrometry An 
analytical method which can be used to deter¬ 
mine the concentration of a wide range of 
chemical elements, using the intensity of 
their fluorescent X-rays. An X-ray beamisused 
to excite atoms in a sample; ‘electrons near 
the ‘nucleus emit secondary or fluorescentX- 
rays on reversion to their original states. 
Short-wavelength X-rays are sorted by diffrac¬ 
tion in a pure analysing crystal of known d- 
spacing (see covalent radios). Since nX = 2d 
sin0 (see bragg equation), 0 can be set to a 
value and radiation detected for a unique 
wavelength characteristic of the element 
being analysed. The intensity of the radiation 
measured, relative to a standard, is propor¬ 
tional to the concentration of the element. It 
is an important technique in the geochemical 
analysis of rocks. 

X-ray photography A photographic tech¬ 
nique in which X-rays are used that may re¬ 
veal internal detail (e.g. of a ‘fossil) which is 
not visible externally. The technique has the 
advantage that it is non-destructive. 

X-ray powder photograph A photo¬ 
graph produced by monochromatic X-irradi- 
ation of a sample of ‘microcrystalline 
powder placed at the centre of a circular cam¬ 
era, e.g. a Debye-Scherrer camera. Diffracted 
X-rays are recorded on a strip of film wrapped 
around the circumference of the camera. The 
angular position of the diffracted X-rays on 
the film gives structural information about 
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XRF 


the sample. See also x-ray diffraction crys¬ 
tallography. 

X-ray spectrometer An instrument for 
measuring the secondary X-rays emitted 
when the inner ‘electrons of an atom (W, Au, 


etc.) are activated by a primary hard X-ray 
beam. The content of nearly all elements with 
an atomic weight greater than that of sodium 
can be estimated. 

XRF See x-ray fluorescence. 
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and forth through the sediment, each branch 
of its burrow exploring a new area. They are 
believed to be *fodinichnia. 
Zosterophyllum A Lower ‘Devonian 
psilopsid plant (*Psilophytales) whose lower 
parts underwent H-branching, producing a 


tufted growth habit. Erect branches were 
smooth and the sporangia (see spore) were 
grouped together on terminal spikes. 

Zosterophyllophytina See psilophytaies. 
zygapophyses See vertebra. 



Appendix A: Stratigraphic Units as Defined in the North 
American Stratigraphic Code, 1983 


Material Units 


Lithostratigraphic 

Lithodemic 

Magnetopolarity 

Biostratigraphic 

Pedostratigraphic Allostratigraphic 

Supergroup 

Supersuite 





Group 

Suite 


Polarity superzone 


Allogroup 

Formation 

Lithodeme 

t 

Polarity zone 

Biozone (interval, 

Geosol Alloformation 

Member (lens, 
tongue) 


1 

Polarity subzone 
Subbiozone 

assemblage, 

abundance) 

Allomember 



realism 



Bed(s) (flow(s)) 











Temporal and Chronostratigraphic Units 


Chronostratigraphic 

Geochronologic, 

geochronometric 

Polarity 

chronostratigraphic 

chronologic 

Diachronic 

Eonothem 

Eon 

Polarity 

Superchronozone 

Polarity 

Superchron 


Erathem 

(supersystem) 

Era 

(superperiod) 





System 

(sub-system) 

(subperiod) 

Polarity 

Chronozone 

Polarity 

Chron 


Episode 

Series 

Epoch 



| 

Phase 

(substage) 

(subage) 

Polarity 

Subchronozone 

Polarity 

Subchron 

1 

sp,„ 

Chronozone 

(Fundamental 

units shown in italic) 



Cline 
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Appendix B: Time-Scales 


Geologic Time-Scale 


Eon/Eonothem 

Era/Erathem 

Sub-era 

Period/System 

Epoch/Series 

Began Ma 

PHANEROZOIC 

Cenozoic 

Quaternary 

Pleistogene 

Holocene 

0.11 

Pleistocene 

1.81 

Tertiary 

Neogene 

Pliocene 

5.3 

Miocene 

23.03 

Palaeogene 

Oligocene 

Eocene 

33.9 

55.8 

Palaeocene 

65.5 

Mesozoic 


Cretaceous 

Late 

99.6 

Early 

145.5 

Jurassic 

Late 

161.2 

Middle 

175.6 

Early 

199.6 






















Mesozoic 


PHANEROZOIC 


Palaeozoic 




Triassic 

Late 

228 

Middle 

245 

Early 

251 

Permian 

Late 

260.4 

Middle 

270.6 

Early 

299 

Carboniferous 

Pennsylvanian 

318.1 

Mississippian 

359.2 

Devonian 

Late 

385.3 

Middle 

397.5 

Early 

416 

Silurian 

Late 

422.9 

Early 

443.7 


Late 

460.9 
























Palaeozoic 

Lower 

Ordovician 

Middle 

471.8 

Early 

488.3 

Cambrian 

Late 

501 

Middle 

513 

Early 

542 

PROTEROZOIC 

Neoproterozoic 


Ediacaran 


600 

Cryogenian 


850 

Tonian 


1000 

Mesoproterozoic 


Stenian 


1200 

Ectasian 


1400 

Palaeoproterozoic 


Calymmian 


1600 

Statherian 


1800 

Orosirian 


2050 

Rhyacian 


2300 

Siderian 


2500 























ARCHAEAN 


Neoarchaean 


Mesoarchaean 


2800 


3200 


HADEAN 


Palaeoarchaean 


Eoarchaean 


Swazian 


Basin Groups 




3600 


3900 


4000 


4567.17 


(Source: International Union of Geological Sciences, 2004. 

Note: Hadean is an informal name. The Hadean, Archaean, and Proterozoic Eons cover the time 
formerly known as the Precambrian. Quaternary is now an informal name and Tertiary is likely 
to become informal in the future, although both continue to be widely used.) 
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Lunar Time-Scale 


Stratigraphic mapping of the lunar surface has established the following Systems, in 
order of increasing age: 






Copernican 

Eratosthenian 

Imbrian 

Pre-lmbrian: 

Nectarian 

Pre-Nectarian 


Young ray craters (younger than about one billion years) 

Older post-mare craters (about 1-3 billion years) 

Main mare basalt flooding, preceded by formation of the Imbrium 
and Orientale basins (3-3.85 billion years) 


Formation of 11 major impact basins preceded by the Nectaris basin 
(3.85-3.92 billion years) 

Formation of about 30 impact basins preceded by the Procellarum 
basin (before 3.92-4.2? billion years) 


The crystallization of the anorthositic lunar highland crust has been dated at 4.44 
billion years. This event closely followed the formation of the Moon. 

Note that the term 'Procellarum System', to encompass the main period of mare lava 
flooding, has been abandoned. 


Martian (Areological) Time-Scale 


Epoch Absolute age (Gy) Absolute age (Gy) 

(Hartmann-Tanaka Model) (Neukum-Wise Model) 


Upper Amazonian 0.25-0.00 
Middle Amazonian 0.70-0.25 
Lower Amazonian 1.80-0.70 


0.70-0.00 

2.50-0.70 

3.55-2.50 


Upper Flesperian 3.10-1.80 

Lower Flesperian 3.50-3.10 

Upper Noachian 3.85-3.50 

Middle Noachian 3.92-3.85 
Lower Noachian 4.60-3.92 


3.70-3.55 

3.80-3.70 


4.30-3.80 

4.50-4.30 

4.60-4.50 


(These represent two different models published by the University of Arizona 
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Appendix C: Wind Strength 

The Beaufort Scale of Wind Strength 

Force 0. 1 mph or less. Calm. The air feels still and smoke rises vertically. 

Force 1. 1-3 mph. Light air. Wind vanes and flags do not move, but rising smoke drifts. 
Force 2. 4-7 mph. Light breeze. Drifting smoke indicates the wind direction. 

Force 3. 8-12 mph. Gentle breeze. Leaves rustle, small twigs move, and flags made 
from lightweight material stir gently. 

Force 4. 13-18 mph. Moderate breeze. Loose leaves and pieces of paper blow about. 
Force 5. 19-24 mph. Fresh breeze. Small trees that are in full leaf wave in the wind. 
Force 6. 25-31 mph. Strong breeze. It becomes difficult to use an open umbrella. 

Force 7. 32-38 mph. Moderate gale. The wind exerts strong pressure on people 
walking into it. 

Force 8. 39-46 mph. Fresh gale. Small twigs are torn from trees. 

Force 9. 47-54 mph. Strong gale. Chimneys blown down, slates and tiles torn from 

Force 10. 55-63 mph. Whole gale. Trees are broken or uprooted. 

Force 11. 64-75 mph. Storm. Trees are uprooted and blown some distance. Cars are 
overturned. 

Force 12. More than 75 mph. Flurricane. Devastation is widespread. Buildings are 
destroyed, many trees uprooted. In the original instruction, 'no sail can stand'. 


Saffir/Simpson Hurricane Scale 


Category Pressure at centre 
(inches of mercury) 

Wind speed 
(mph) 

Storm surge 
(feet) 

1 28.94 

74-95 

4-5 

2 28.5-28.91 

96-110 

6-8 

3 27.91-28.47 

111-130 

9-12 

4 27.17-27.88 

131-155 

13-18 

5 below 27.17 

more than 155 

more than 18 
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Fujita Tornado Intensity Scale 

Rating 

Wind speed (mph) 

Damage expected 

F-0 

40-72 

Light damage 

F-1 

73-112 

Moderate damage 

F-2 

113-157 

Considerable damage 

F-3 

158-206 

Severe damage 

F-4 

207-260 

Devastating damage 

F-5 

261-318 

Incredible damage 






Appendix D: SI Units, Conversions, and 
Multiples 
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SI Units 

(Systeme International d'Unites) 


Quantity 


electric current 

thermodynamic 

temperature 

luminous 

intensity 

amount of 

substance 


Name of u 

kilogram 

second 

ampere 

candela 


Symbol Equivalent 

m 3.281 feet 

kg 2.2 pounds 


Reciprocal 

1ft = 0.3048 m 
1 lb = 0.454 kg 


K 1 °C = 1.8°F 1 °C = 1 K 


cd 




Supplementary Units 


Quantity Unit Symbol 

plane angle radian rad 

solid angle steradian sr 
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Derived SI units 


Quantity 

frequency 

energy 

power 

pressure 

electric charge 
electric potential 
difference 
electric 
resistance 

conductance 
electric 
capacitance 
magnetic flux 
inductance 
magnetic flux 
density 
luminous flux 
illuminance 
absorbed dose 
activity 

dose equivalent 


Name of Symbol Equivalent 


0.2388 calories leal = 4.1868 
0.225 pounds 1 Ibf = 4.448 N 

0.00134 horse 1 hp = 745.7V 
power 

0.00689 pounds 11bf/sq.in = 
force/sq. inch 145 Pa 


siemens S 

weber Wb 

henry H 

tesla T 

lumen Im 

gray Gy 

becquerel Bq 

sievert Sv 


Multiples used with SI units 


Name of multiple Symbol Value (multiply by) 

atto a 10 ,s 

femto f 10 15 


10 6 

10 9 



Appendix E: List of useful websites 
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This is a web-linked dictionary. To access the websites listed below, go to the dictionary's 
web page at http://www.oup.com/uk/reference/resources/earthsciences, click on Web links 
in the Resources section and click straight through to the relevant websites. 


American Geological Institute 

• Home page of the AGI. 

Austrian Geological Society 

• English language home page of the society. 

British Geological Survey 

• Home page of the BGS. 

Bulgarian Geological Society 

• English language home page of the society. 

Geological Association of Canada 

• Home page of the GAC. 

Geological Society of Africa 

• Home page of the society. 

Geological Society of America 

• Home page of the GSA. 

Geological Society of Australia 

• Home page of the society. 

Geological Society of Denmark 

• English language home page of the 
society. 

Geological Society of India 

• English language home page of the 
society. 

Geological Society of Japan 

• English language home page of the 
society. 

Geological Society 

• Home page of the Geological Society (of 
London). 

Geological Society of Malaysia 

• Home page of the society. 

Geological Society of New Zealand 

• Home page of the society. 


Geological Society of Sweden 

• English language home page of the 
society. 

Geological Survey of India 

• English language home page of the GSI. 

Geological Society of South Africa 

• Home page of the society. 

Geological Society of Trinidad and 
Tobago 

• Home page of the society. 

Manning equation 

• An account of Manning's life and work. 

International Geophysical Year 

• Explains and describes the IGY. 

International Polar Year 

• Explains and describes the IPY. 

Israel Geological Society 

• English language home page of the society. 

Nepal Geological Society 

• English language home page of the society. 

palaeontology 

• Describes conditions and life throughout 
Earth history. 

geologic time-scale 

• Detailed time-scale including stages. 

Swiss Geological Society 

• English language home page of the 
society. 

United States Geological Survey 

• Home page of the USGS. 
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